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® Constrained geometry addition polymerlzaUon catalysts, procoasea for their preparation, 
precursors therefor, methods of use, and novel polymers formed therewith, 

® Metal ecordination complexes comprisinfl a metal of Group 3 (except Sc). 4-10 or Ihe l^**??;^ ^"^^^ 

rielocarued n-bonded mdely have said moiety substituted with a constral^lndudng mo.ety ydMi educes me 

LSrS ^ metal between fte centxokJ of said n-bonded moiety «xJ at leaj one '^^^^'^.^^^t'i 

?SfJr^ly fte complexes compose . cyclopentadlenyl or ^^^J^^^;Si;^^^ 

ring stAKiiie In which the metalls both bonded to an adlacenl convaJenl moiety and held m 

(sSstltuted) cyclopentadlenyl moiety. Complexes of said prefen^ed stnxAire are not "^^^Jj^^^^"** 

s«fflde^to%du« the said angle. Amidosilane and 

Tho^plexes of the Invention form addition polymeitertlon catalysts with ^^^^^^J^^ 
Lewi. «*Js. ammonium saRs. oxidlzlno agents and. espedafly. aluminum impounds, partlcolaily aluminum 

^'^'Xiel polymers. Including BPE resins and pseudo-random copolymers, can be obtained using the catalysts 

of the Invention. 
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CONSTRAINED GEOMETRY AOOmON POLYMERIZATION CATALYSTS. PROCESSES FOR THEIR PREP- 
ARA^OH. PRECURSORS TWEREf OR. METHODS OF USE. AND NOVEL POLYMERS FORMED THEREVmM 

The ofBsent kiveotfoo relaloj to metal coofdlnaUoo complexet havbig constrained geometry. The 
InventJon also reWes to certain novel addlOon polymertzatJon catalysts comprising soch metal complexes 
having constrained geometry. Furthermore, the Invention relales to methods for the polymertzatJon of 
addition polymemable monomers and to the resulting polyir^ers. 
« Because o< 9» \»^q\J» exposure of the active metal site of the metal coordlnafloo complexes having 
constrained geometry. cataJysU resulting therefrom have unique properties. Under certain condWons. the 
catalysts of the Vwention are capable of preparing novel olefin polymers having previously unknown 
properties due to their unique fadle abiliUes to polymerize »<lefins. diolefins. hindered vlnyHdene anphaflc 
monomers. vinyDdene aromaflc monomers and mixtures thereof. 
10 NufT>erous metal coordinaUon complexes are knovm in the art Including such complexes InvoMng 
monocyclopenlacSenyl groups and substituted monocyclopentadienyl groups. The present metal coordina- 
tion complexes <ifler from those previously known in the art due to the fact that Ihe metal Is bound to a 
delocaJized substituted n-bonded moiety in a manner so as to induce a constrained geometry about the 
metal Preferably the meUl is bound to a cyck>pentadienyl. substituted eyctopentadlenyl or similar group by 
IS both a ,»-bond and a bridging Dnkage including other figands of the metal. The complexes also preferably 
Include melaJs having useful catalytic properties. 

Also prevkxisly known In the art are Uansition metal coordination complexes known as tucked 
complexes Such complexes are described In Organometalfics 6. 232-241 (1887). 

In US Serial No. 8.800. tiled January 30. 1987 (published In equivalent form as EP 277.004) there are 
30 disclosed certain bis(cycIopenladienyl) metal compounds formed by reacting a bis(cyck>pentadlenyl) metal 
complex with sate of Broosted acids containing a non-coordinating compatible anion. The reference 
discloses the fad thai such complexes are useluHy employed as catalysts in the polymerization of olefins. 
The foregoing catalysts are not considered to be particularly effective olefin potymeriration catalysts. 

Previous attempts to prepare copolymers of vinylidene aromatic monomers and o-oleHns. in particular 
K copolymers of styrene and ethylene, have either failed to obtain substantial incorporation of the wnyBdene 
aromatic monomer or else have achieved polymers of ^ molecular weight In Polymer Bufletin. 20. 237- 
241 (1988) there is disctosed a random copolymer ©♦ r/rene and ethylene containing 1 mole percent 
styrene incorporated therein. The reported polymer yiekJ was 8.3 x 10- grams of polymer per micfomole 

titanium employed. w. ^ 

X It has now been discovered that previously known addition polymerization catalysts are incapable of 

high activity and polymerization of numerous monomers because they lack consti^ned geometr y. 

one asped tfie present invention relates to a metal coordination eomj^x having ttxistrained 

geometry More particularty H relates to such coordination complexes tfat ve usefuDy ecnptoyed m 

combinatio) with activating cocatalyst compounds or mixhires of compounds to form • 
35 usefully emptoyed m the polymerization of addition polymerizable monomers, espedafly ethylerilcany 

u^aluraled monomer s . . - ^ 

k\ another aspect the present invention relates to a process for preparing certain components of Bie 
above metal coordination complexes having constrained geometry and to Ihe precursor compounds 

necessary Vterefor. . j^u^ ^u^,^ 

40 in yet another asped the present Invention relates to a process for prepanng addition polymers, 
espedi homopolymers and copolymers of otefins. diolefins. hindered aHphatlc vinyl monomeie. 
vinylidene »oma8c monomers and mixtures of the foregoing and to the resulting polymef products. 

Acconftxi to the present Invention there Is provided a metal coordlnafion complex comprising a metal 
of oroop 3 (other than scandium). 4-10 or the lanthanide series of the Periotfc Table of the Bements and • 
48 detocaDzed ^bonded moiety substituted with a constraln-lndudnQ moiety, said complex h^Jng • con- 
strained geometry about the melal atom such that the angle at the metal between the eentrold of the 
dek>callzed. substituted n*onded moiety and the center of at least one remaining sobstftuent to 
sudi angle in a comparative complex differing only fci that said constraln^ndudnQ subsfltuent «» "Pj^*?^ ^ 
hydrogen, and provided Kirther thai for soch comptexes comprising more Stan one detocaOzed. «ub$jjted 
■ so n-borSedmofety.onlyonethereolfof each metal atom of the complex to acyclic 

n-boTMled moieiy. _« 

Said metal coordbwtion complexes are refeaed to hereinafter as •metal coortfnaHon comptexes of «w 

ki adcSSon Ihert *« pfovWad a metal coordlnaSoft comptox coaesponcSng lo Om fixmula: 
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irfmefl of Group 3 (other than scandium). i-iO. or the tonthanide serie. of the Periodic Table of the 

^'^^nel^rfs';:? Sn^'ngand group or neutral Lewis base Hgand group having up to 30 non- 

hydroQen aloms; 

. A « o 'a /V 1 HAoendina on the valence of M, ana 
n .3 0. 1. 2. ^^^"^^^^^ ° d group bonded to Z and M comprising nitrogen, phosphorus, oxygen or 
Y is an anKsnic or ootionally Y and Z together form a fusod ring system. 

« '""^^ m'S'SoI^ a^Cto nresTnt lnventlon a prSss for preparing a -tal «ord-.nation 
T^ere Is "^^JT^^ ^^^yr^ Formula I comprising contacting a metal compound of the formula 
^TorTcSS^atS ':,dTct r:;^ with'a dianlonic salt compound corresponding to the formul. 

* rTa metal of group 1 or 2 of the periodic table of the elements. 

*?r2 "jT^^ product Of X and y equals 2. and M. X. Cp. and Y are as prevloushr 
'"''^'"tri^'is'^^d^^^^^^ - P^«P-"« » "^^'^ "-^""'"^ correspootf-ng to the 

rSt-^^^^^^ -c^^Tr^^.^^ . step . a 
» ''?S;rS^so*1?^^ polymerizations comprising the follov^ng comp<> 
jTLtal coordination complex of the Invention, preferably correspondir>o to Formula 1. and an activatinB 
nresant invention there is provided a polymerizatioo process comprfslng 

S?!^cS2SSt»on complex of the invention, preferably corresponding to f=ormula 1. and an adivatinQ 

nrftsant Invention there is provided a pofymer comprising In polymertzed 

fonn one Of more ad^Oon PO^y^f* polymerizaf on conditions with a catalyst compilslno: 

^orerably corresp<^ to F^uta .. and .c«va«no 

^^iJS'further embodiments there are provided BPE po^mera which are highly elastic. Interpolymer, of 

In additioo J^*^^ anohatic vinyBdene monomer, or a mbdura thereof. 

^!Sr«::^T?r'l^ven^^^^ emptoyed as catalyst, tor addWon poJjmerUallon 

:;iyr-torr^^ crsS^^^ocesee. ^ cO-r 

MusiM appScaSons. 
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ngurw 1-6 cwnputor flonemted nxxJels of coo5tnUr^ c«xn.try ccmptex*i of lh» lnv9ntJo« b&s»d 

FHj'lS'e^ilS'T' iTJc^IJIltef generated models ol metol complexe. besed on rii^te aystal data 
showino lees constraint than those ol Rguret 1-5. ^ ^ ^ 

n«.™:^ iUostrate caJojlated and observed dlstributJoo o# ftyreoe. eftytene and reveled ftyrene 
"lu" tiyl^reT^ ^^-^ pseodo<andon, tncon>orat»on rute. «xord,ng to th. 

JCjTi niustrales lack of aoreerT,ent between caJculaled and observed distribution of atyrene. eftyleno 
rev^^'^ ^ In ethylene/styrene copolymers If completely random IncorporatJon n^s are 

rJ^S shxjws typical rheology curves of a BPE resin according to the present Invention. Shown are 
wiscositv ■• and tan I curves as a furKtion of shear rate, for the redn. 
Je^^i t;^«l curve of elastic modulus versus metl Index for fte BPE resins of the present 

7\Qv^7 shows typical rheotogy curves of a conventionally prepared polyethylene resin. Shown are 
«vnoia« viscosity V and tan I curves as a function of shear rale, for the resin. 

1^ use of the lenn •delocar.2ed n-bonded n^oiety" Is meant an unsaturated organic ^ty. wch « 
r^morisina Bthvlenic or acelylenic functionality, wherein the Il-electrons thereof are donated to the 
toX a b^Stlm^tes include aHcene-. alkenyK alkyne-. alkynyK ally*., polyene-, and polyenyl- 

t'irdtrS 7^Z' herein Is meant that the metal atom 1. forced to greater 
BXDoVure of the active metal site because of one or more substituents on the delocaRred n4»nded moiety. 
pXaSy thV dekxafized n-bonded moiety is a cyctopentadienyl or subsfiMed cyctopentadlenU jr^ 
r ; ~vi^ of a lino stnx:ture wherein the metal is both bonded to an adjacent cowalent moiety and Is 
a^o^ tirttTSToinzed n-bonded moiety through ,« bonds. » Is understood that ea<J 
respe^tivT^ tlrween the metal atom and the constituent atoms of the detocalized n^bcK>ded moie^ 
r^rii tTSuivaleoL That is the metal may be symmetrically or unsymmetrteally n-bound to the H- 

'^^iS'^SJitry of the active metal site is further defined as follows, centroid of the n-bonded moiety 
may b^ « ^ average of the respective X. Y. arxJ Z coordinates of the ^^^l^^^^^^^J^ ^ 

JSLSe?mSty The angle 9. formed at the metal center between the centroid of the H-bonded molejr 

X Sgand ^the metal complex may be easily calculated by ^ndard techniques of^le 
^^wivdilSction. Each of these angles may Increase or decrease depending on V« molecular 
!22S,r?fte constrained geometry metal complex. Those complexes wherein one or more of the angles. 
TTl^^Z^^T^. comparative complex d-.fleri,>g only In the fad that ccnstrairvVvdu^ 
dTreolacad by hydrogen have coosuained geometry for purposes o* the present Invention. 
tS^^^ T^ ?the^ve angles. G. decrease by - least 5 percent more preferably 75 percent 

Tt^^J^ ^^pterUghly preferably, the average value of all bond angles. 9. is Jso 
ST frTin the comparative complex- Most preferably the metal coordinatJon complex having constr^ 
g^tilX ^ • ^"9 •••• ^ constraln^ndudng substituent to p«t of • ring system 

^^X^ "^IcJ^dopentadlenyl metal coordlnafloo complexe. of group 4 or tontJ^ meteto 
acc^r^i;«^S!t\^ have constrained geometry that the smallest angle. G. Is less than 

niu^lS^*^^ents of complexes as detemUned from single oystal X-ray dlffracflon value. 

""t^^r^^'^ single<rystal X-ray crystaltographically detemdned structure of 
phen^unido)dlmethyinetramethyH'<yclopentadlenyOsflar>eti^ dlchlorld.. The angle J^V^ 
cyctopentadienyl ring (C2. C3. CS, C7 and C9). the titanium atom (TH). and the rttrogeo 

"^^^fSII^I the single^rystal X-ray crystanographlcaBy determined stwcture of (Mwlyl ernkJoh 

^mI«Sw«LhLn«ih«l-.»Kwctooentadlenyl^^ dimethyl. The angle tenned by the centroW of th» 

CS-). the akconlum atom (ZRiy. and the nitrogen «om (N8) wa. 

, **^**Slll!llf ?rfILlf5e*sinale<»y^ X^ crystallographlcaBy detemnlned structure of (phenyl irMoy 
detennlned to be 106.1 * • 
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r™„. 4 .how* the 8lrs)le<^stal X-fsy ovstaJIogr^ically determined strvcture of Cert-butyl a^Ido)- 
d>me^^^:y^nt*dlen7otS;«!^"'n <i^<^^<^' ^ r^^^.Z!i^^ 

W S?tnd CeV the ^coolum Mom (2R1). .nd the nitroQen .lorn (NlO). or th« «>Q!e to^*<^ «^ 
, oitSd Tftecyctopentadlenyl ring (C102. C103. C104. C105. and C106). the Acoolum torn (ZR101). 
»nd *»nltroQen atom (N110) were detefmlned lobe 99.1 . . . <.j,.*^ .mM«v. 

HLrt;?»h<«« the »5nole<ryst.« X^ay crystaltegraphicalty '^'^"^^'^ ^'^Zt ^^S^ll 
dimI2v^7tetramethylV<yctep«nt»d5enyOsnanezirconium dichtoride. "nm «^jle formed by the centred of 
Jrtl^^jI^SInyMnriC^^ C3. C4. and CS) . the rirconium atom (ZR). «vd the nitrogen atom (N) 

" '^CT'i^^-Ie'^^^i^'t.' X.ay crystaHographically de.ermir«d atrv^ ^^"^^tS"^ 
tetr3hvlftetramethylV<yctopentadienyI)d;silanez)rconlum dichtoride. The relatNely long disllyt SnWng 
S^TtS 2^ J^^cJ^^^ to the nitrogen atorn of ^J^^^^^;^,^^^ 

ST to be lew constrained. The angle formed by the cenUoid of the ^^^^^^^^^f'^J;^ Sk^tiS; 

,5 iSo). me zircontum atom (ZR1). and the nitrogen atom (N17) was determined to V^^l'^^J''^ 
JTtt* catolyst towards olefin polymerization is considerably diminished relatve to the a^f OO^"*^,'"^ 
Swng group in (,ert-butyl i.ido)dimethyUteUamethyH»<yclopenUd-.enyOsnanezlrconl^ dlchlonde 

*^'*Su?e 7 shows the single^rystal X-ray corstallographically determined structure of (t-but/l amid^ 
ao ietrSaefrTethylV</ctopentadienyOdisilanetitaniom dichtoride. The relatively long dls^Iyl nWng 

SoT^it ^nneds cyJtopentacSenyl ring to the nitrogen atom of ^J^^^^J^.^;^ ^ 

!t~?tobe less constrained. The angle formed by the centroid of the cyctopentadlenyl nng (C2 C3. CS. C7. 
tf.eTt^- atom (Til), ai the nitrogen atom (N17) was detem^ined to be 120.5 • 

^S^u cf this catalyst towards olefin polymerization is considerably diminished relaUve to the ^^atogoos 
„ To^lwog OrciS in (t^l am1do')dime.hy.(teUame.hy.V<yctoc«ntBdienyOsIlanetitan.um dichlo- 

**The term 'adhratinQ cocatalysf as used herein refers to a secondary component of the catalyst able to 
cau^the ItS^S^m'plex to become eHective as an addition potymerSzation catalyst or a^^^ 
^ i Since the ioJc charge of a catalytically activated species. ^»^P^ '"^jf 2 

« S^SslTuse herein include aluminum compounds containing an AK) bood such 
* ^^^Zs. espeaany methylaluminoxane; aluminum alKyls; -'-^''Tj^f^-'f^^^^^ 

Uwii adds: ammonium salts: noninteriering oxidizing agents. ». silver salts, feaocen.um «ns. etc. and 

"'^^^IirtiSSS's for the preparation of aluminoxane typ. «mpouj^y axjtagng^^^^^^^^ 
^ alkvl comoouryj with an Inorganic sa« containir^g water of cfystafization are disctosed In USP ^^^^'^J 
S2«Xn«f^ei^boSment an aluminum alVyl compound is contacted wi^ . '^T'Zf 1^ 
SLance such as hydrated alumina. siHca. or other subs^ A process lor prepanng 
.luninoxane emptoying such regeneratable substance is disctosed In EP m044. 

Mditionat eatable adh/afing eocalalysts include compounds corresponding to the formula. 
40 AIBJc'v, 



R Is each ocexjnence Ci-io alWyl or araflcyt; 
X' Is halogen: and 
nisi. 2 or 3. 



ici^ferabty such cocatalysts are trtaHcyl aluminum compounds, pa^cutarty W«0^y«»^""^ 

pofymerlzabie monomer," Include for example ethylenlcany ^^'^^^^^^^^^J^ 
lerfc^MwS: conjugated or nooconjugated dienes. polyenes, carbon morwxide. etc 

S;:^'^Sn;e ^^fins espedany emylene. P^^^P^Jl-^ '^^IST^ 

-..jw^i^rwTfAnii And 1 -octane Other preferred monomers kK^kxJe styrene. haJo- or aiKyi suo^uuwo 
50 '1^]'^':^^^^!^ -«»^y -thywnethac^lat.. tetrafluoroethytone. 

meOiacfylonBrfle. vinyDdene chloride, vinylberuocyclobulane. and 1 .ArhtaaOvm. .^^.^ vtnvfldane 

^MhTtooi; -Wndered aDphatlc vinyndeoe compounds- b meant addJBon polymerizable vinylldene 

_ . ^.^AA Aa. at&A wrxt ttm* 



monomers corresponding to the formula: 
CQi-CQ'r' 



Sr^R' is an sterteally bulky. eHphatic wbstftuent of «p to 20 carb«». O IrvJepondently ead» 

«ik»~fK^ fl Md R tooether teem a rina tystem. By the \em stancany MDcy w mew* 
iSSS^beSno^la JJTto^ SZrJ^lrZ^lo of addWon polymenz-Ion by etandard Ztegler^ 
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polymedra6on caUtystj at a rata compvabJe with elhylena polymedraliooa, PrefefTdd hindered aflphaUc 
vinyOdona compounds are mooomen In which one of the carbon atoms bearing ethytenJc unsaturatJon 1$ 
tBftlary or quaternary substituted. Examples of such substituenls Include cycle aflphatte groups such as 
cyclohexane. cydohexene, cyckxxtene. or ring alkyl or aryl substituted dertvatfves thereof, tert-butyl, 
norbornyi etc Most preferred hindered afiphatic vinylidene compounds are ffw various Isomeric vlnyWr>g 
substftulod derlvatNes of cyctohexene snd substituted cyclohexenes. and 5-ethyikieoe-2-<K>rbomene. Espe- 
cially sulable are 1% 3-. ^nd i-v!nyJcyctohexena. 

By the term •hindered vinyBder»e ccrrtpound" is meant additkxi poJymerizaNe vlnyOdene monomers 
corre^xjndlng to »>e formula: 

CO} ^CGR « 

wherein R* Is R* or an aryt substJtuent of up to 20 carbons, and G and Q are as prevtoushr defined- For 
example. In addition lo hindered aflphatic vinyfidene compounds, hindered vfnyfldene compounds also 
Irchxje the vinyfidene aromatic monomers. 

By the temi •vinyfidene aromatic monomers' is meant addition polymenzabte compounds correspond- 
ing to the fonrujla: 

wherein G independentiy each occurrence i$ hydrogen or methyl afK3 Ph is phenyl, or a hato- or aikyi- 
CGa»C(G>-Ph 

substituted phenyl group. Preferred vinyfidene aromatic monomers are monomers conesporxJing to ine 
above formula wherein Q each occurrence is hydrogen. A most prefeaed vinyMene aromatic monomer Is 
styrensi 

By the term •o-olefin' is meant ethylene and the C3-10 olefins having ethylenlc unsaturation In the o- 
position. Preferred o-olefins are ethylene, propylene. 1-butene. isobutylene. i-methyl-1-pentene. 1-hexene. 
arxj 1-octene. and mixtures thereof. 

As used herein all reference to the Periodic Table of the Elements and groups thereof shall be to the 
version of the table pubfished by the Handbook of Chemistry and Physics. CRC Press, 1987, utifizing the 
lUPAC system for naming groups. 

Pfrferred melaJ coordination complexes are group 4 or t^thantde based complexes. Further preferred 
complexes are those comprising a dekxafized ^» bonded group which is a cyctopentadlenyl or substituted 
cydopentadtenyl group which forms a ring structure with the melaJ atom. Preferred dekxaJIzed IT-bonded 
moieties are cydopentadienyi*. Indenyt-, and fluorenyl groups, and saKirated dertvatfves thered which form 
a ring structjre with the metal atom. Each cartxxi atom in the cyclopentadienyl radical may be substituted 
Of unsubstftuled with the same or a different radical selected from the group consisting ct hydrocarbyl 
radicals. sutstituted-*jydrocarbyl radicals wherein one or more hydrogen atoms is replaced by a halogen 
atom, hydrocarbyi-substituted metanoid radicals wherein the metalloid is selected from Group 14 of the 
Perkxfic Table <tf the Elements, and halogen radicals. In addition two or mora such substituenU may 
together Ibnn a fUsed ring syslem. Suitable hydrocarbyl and substituted-^iydrocarbyf radicals, which may be 
substituted for at least one hydrogen atom in the cyclopentadlenyl radical win contain from 1 to 20 carbon 
atoms «xi Mude straight and branched allcyl radicals, cyclic hydrocarbon radfoals. aBcyJ-substituted cycBc 
hydrocarbon racScals. aromatic radicals and alkyl-substituted aromatic rat^cals. SuftaWe organometallold 
radicab include mono-, di- arK5 trfsubstiiuted orgar>ometanoid radicals of Group 14 elements wherein each 
or the hydrocarbyl groups contain from 1 to 20 carton atoms. More particularly, suitable organometalk^S 
radicals Include trimethytsilyt, triethylsilyl. ethyldimethylsityl. methyWiethytsjIyl. phenyWmethyWIyl. methyl- 
diphenylsilyt, Wphenylstlyl. triphenylgermyt. trimethylgermyt and the Dee. 

ki the pfevious»y disclosed Formula I suitable anionic Bgand groups. X are Blustraflvely seteded from 
the youp con^'sfing of hydride, halo, aflcyt. silyl, germyl aryf, amide, aryloxy. alkoxy. phosphide, sulfide, 
acyf. pseudo halldea such as cyanide, azkJe, etc.. acetylacetonate. etc^ or a combination thered 

As previously mentioned, the complexes according to the present Invention preferably comprise 
sfrudures having altered or enhanced catalytic activity at Oie metal site when the complex Is combined with 
a cocatalysl In Ws regard electron donating substftuents have t>een found to knprove the catalytic 
) properties d the complexes- That la. even ttwogh certain of the complexes do not possess constrained 
geometry, the same nevertheless possess catalytic properUes. alone or In comWnaBoo with activating 
aubstanoeSb 

A Nghfy preferred metal coordination complex corresponds to the fbrmulc 
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M whefoift R' ©ach occurrence is hydrogen or a mdety selected from Ihe group consisting o» alkyl. aryt. $«y1. 

oemyl cyano. hab and combinations thereof (e.g. alkaryt. arancyl. silyl substituted alVyU »Ty» substituted 

Vfi, c^anoalVyt. cyanoaryl. haloalkyl. haJoaryl. hatesllyl. etc.) having up to 20 non^^ydrogon atoms, or an 

adlftcent pair o» r' groups form a hydrocartyl ftng fus«d to the cyclopentadienyl motety. 

X each occurrence Is hydride of a moiety safected from the group consisting of haJo. aJkyl. aryl. silyt. 
1$ oermyl aryloxy. alkoxy. amide, siioxy and combinations thereof (e.g. alkaryi. araJkyl. sllyi. substituted alkyl. 

silyl substituted aryl. aryloxy alVyl. aryloxyaryl. alkoxyalVyl. alVoxyaryl. amidoalkyl. amidoaryl. siloxyalkyl. 

siloxyaryl. amidosiloxyalkyl. haloalkyl. haloaryl. etc.) having up to 20 non-hydrogen atoms and neutral Uw>s 

base ligands having up to 20 non-hydrogen atoms; 

Y Is -0-. -S-. -NR*-. -PR*-, or a neutral two elecUon donof ngand selected from the group eonslstIr>g ot OR . 

» SR*. NR*j. or PR*!: 

M is as previously defined: and 

Z is SiR-j. CR-a. SiR-aSiR-a. CR'aCR'a. CR' = CR*. CR'aSiR'a. GeR*,. BR*. BR-a: wherein: 
R- each occurrence is hydrogen or a moiety selected from the group consisting of aBcyl. aryl. allyl 
hakjgenaied alVyi. haJogenated aryl groups and combinations thereof (e.g. araHcyl. alkaryl. haJoaWcaryl and 
as haJoaralkyl) having up to 20 non-hydrogen atoms, or two or more R* groups from Y. Z. or both Y and Z form 

a fused ring system. ^ ^ ^ ,^ u,^ 

K shoukl be noted that whereas formula 1 and the foltowing formulas indicate a cycFic structure for the 
catalysts when Y is a neutral h»o elecUon donor figand. the bond between M and Y Is more accurately 
referred to as a coordinate-covalent bond. Also, it should be noted that the complex may exist as a dimer or 

* ^^'J&SV^fef^\r. at least one of R'. Z. or R* is an electron donating moiety. Thus, highly preferably Y 
is a nitrogen or phosphorus containing group corresponding to the formula -N(R >- or -P(R h. wherein R 
is Ci -10 alKyl or *yl. le. an amido or phosphide group. 

Most highly preferred complex compounds are amidosilane- or amidoalkanedlyl- compounds cor- 

ss responding to the formula: 




M-R' 



so 



wherein: ■ . 

M Is Utanlum. zirconium or hafnium, bound In an ,« bonding mode to the cyclopentadienyl group: 

R* each occurrence la hydrogen or a moiety selected from the group consisting of altyl. alkyl. aiyl and 

combinations thereof having up to 10 cartoon or sificon atoms or an adjacent pair of R groups fonn • 

hy<kocartoy1 ilng ftisod to the cydopentadlerryl moiety; 

E b siDcon or cartMn: 

X ©ach occurence Is hydride, halo, allcyl. aryl. aryloxy or alkoxy c* up to 10 cartoons: 

mis 1 or 2:»id 

n Is 1 or 2 dependng on the valence of M. ... 

Examples of above most Nghfy preferred metal coordIna8oo compounds Include compoun<tt 
wherein the r' on the amIdo group Is methyl, ethyl, propyl. ^J^^rf^^I: *^ 
norbomyl. benwi. phenyl, etc.: the cyclopentadienyl group la cyctepentadlenyl Indenyl. letrahydrolndenyl. 
fluorenyi. oclahy*ofluorenyl. etc: R on the foregoing cyctepentadlenyl grot^ts each occurrence Is hy 
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droooa m«tf»yt. propyl, butyl, per^tyl. hwcyl. Or<lu<Jtr>0 Isomers), rvxtxxnyl. berwyl, phenyl. e1C4 end X 
b difo \xomo. Mo. methyl, ethyl, propyl, butyl pentyl. he>cy1. Ortdudtng bomea). rwrbomyl. benjnj. 
phenyl etc. Spedflc compounds Include: (lert-butylamldo)(letr8methylV-cycJopentadIeny1)-U-ethanedlyl- 
Sfconlun dIchlofW*. (lert-butylamldo)(letramethyl-,«<yclopenta<«»«y0-1.2-eth*nedlyltllanlum dIchJoride. 
(methyt«mkJoKletramethylV-cyclopentadlenyl)-l^-ethan©diyUjrconlum dlchkxWe. (methylamldoh 
(l6tramethyh'<y<*P®"t*^»"y'>-^'2-»*anediyltitanlum dlchlodde. (ethyl«mldo)CetrameftyH»-cyclop6f>- 
tadlenyl>-melhyteneOlanlum dichloride. Oeft-butylamldo)dJfnethyl(tetrvnethyH»-cyctopentadIenyl>- 
silary»tJlanlum (fichlwide. Oort-butytamido)dlmethyiaetramethylV-cyclop©ntadIenyl) snanedrconlun <Sben- 
xyl. (benzytarnkJoXSmethylCetramelhyH'-cyclopentadlenyOsilanetitanlurn dicWorlde. (phenylphosphldo)- 
dlmethyKt8trwnethyH»-cyclopentadJenyl)snaneareoftium dnMnzyl. and the He*. . . ^ ^ 

The complexes can be prepared by contacBng the metal reactant and > group I metal derivatfv* or 
Grignard derNafive oi the cyclopeotadienyl compound In a solvent and separating the sail byproduct 
Suitable sotvenls br use in preparing the metal complexes are aUphatJc or aiorriatJc Iqulds such aa 
CYcIohexa« methyfcyclohexane. pontane. hexane. heptane, tetrahydrofuran. diethyl ether. Ci-« alWyl 
ett^ers o< mono- or diethylene glycol. Ci-. alkyl ethers of mono-or dipropylene glycol, benzene, toluene, 
xylene, ethylbenzene. etc.. or mixtures thereof. ..... , « ^. i« h>« 

In a preferred embodiment the metal compound is MX,.,, le. M is in a lower oxidabon state than In the 
corresponding compound. MX.., and the oxidation state of M in the desired BnaJ complex. A noninterfering 
oxidizing agent may thereafter be employed to raise the oxidation state of the metal. The oxidation Is 
accompnshed merely by contacting Sie reaclants utiKzing solvents and reaction conditions used In the 
preparation of Ihe complex itself. By tt»e term -noniftterlering oxidizing agenf U meant a compound having 
an widatioi potentlaJ suffident to raise the metal oxidation state without Interfering with the desired 
complex fbrmafion or subsequent polymerization processes. A particularty suitable noninterfering oxidizing 
soont Is AoCL 

In ord« to assist in the harxinng of the metal compounds employed In the present process coaespond- 
ing to the formula MX..,. H may be beneficial first to form a sofid adduct thereof by Ihe use of a suitable 
coordirafino agent according to well known techniques in the art For example, whereas titanium tetrachlo- 
ride Is a tuning Squid which is difficult to handle, one may first form an adduct d TiCU with an ether, 
terfiary amine, tertiary phosphine or other basic nooprotic compound. The resulting soRds may b© more 
easily handled A preferred coordinating adduct is tetrahydrofuran. 

The reactions employed in preparing the metal complex may be conducted either heterogeneously Cf 
homogeneously. That is. the various reactants or the resulting product need not be substanflafly soluble In 
the sofwer* mbrture. GorwaOy the reactants are contacted under an Inert atmosphere lor a time from 
several minutes to several days. Agitotion may be employed^ if desired. The temperature of Ihe reaction 1$ 
geoerally trom-90*C to 150' C. preferably from -20* C to 70* C. 

Sutable catalysts tor use according to the present invention are prepared by combining the metal 
coordinafion compound and activating cocataJyst compound in any order and in any suitable manner. 
Preferably fte ratio of the coordination complex and oocatalyst on a motar basis is from to 1:10.000. n 
wifl or cowM. be appreciated that the catalyst system may also be formed In sttu Vtm components 
(hereof tra »dded dIrecOy to the polymerizatioo process and a suitable solvert or dikiert. WAxJing 
condensed monomer. Is used In said polymerization process. Suitable solvents Indude totoene. elhytoen- 
zene aScanes and mbrtures thereof. In certain cases the catalysts may be Isolated from solution and 
retaijwd uxJar kwt atmosphere prior to use. The catalysts' components are sensitive to bolh moisture and 
oxygen and ahoukJ be handled and transferred In an inert atmosphere soch as nitrogen, argon or heOum or 

The polymerization Is usuafly conducted according to known lechr^quos for Zlegler-Natia or Kamlnsky 
Sinn type polyrnerizations. That Is. the monomer(s) and catalyst are contacted at a temperaliTO from -M C 
to 2S0 C Vt reduced, elevated or atmospheric pressures. The polymeiizaflon Is conducted under «n Inert 
atrrtosphere wHch may be a blanketing gas soch as nitrogen, argor*. hydroger*. ethylene, ete. « 

. vacuum. Hydogen may additionally be utilized lr»»» control of rnoIecolarwelgMlhr^ 

•s Is previously known In the art The catalyst may be used as la or supported on a *'»^WOrt wch 
as alurrOna. MaO, or siBca to provide a heterogeneous supported catalyst A eohrert may be emptoyed If 
desired. Sulabte solverrts Indude toluene, ethylbenzene. and excess vInyBdene aromaflc or ©tewj "»«»* 
omer. The leedton may also be conduded under solution or slur^^ 

t oerfkioilnatod hvdrocartxjn or similar Iquld. In the gas phase, to. ufiMng a fliM 

by fte loufce experfmentaSon by »ie sHIIed artisan. Preferred amounts of catalyst and cocalalyst are 
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sufflclent to PfX>vldo an equivalent ratio of addltJoo polymerizable mooomarcatalyat of from 1X10'»:1 to 
Xl^etJS^frU ixio-:! to 500:1. most preferably 1x10«:1 to 1000:1. ^^^^^V^ * Oenerany 
mz\a \^JZLnX to provide an equivalent ratio of co«talyst:cata^st from 10.000:1 to 0.1:1. preferably 

""^n u°to'be*°ulir,tood that the metal complex may undergo variooa transfom^atJons or form Intennedlate 
soedM prS to and during the course of a polymerizatlorv Thoa other precursor* couW poM^bly be 
S^1!edTad.eve the sJne catalytic species as are herein envlskx^ed without departing from the scope 

'"'^n^itSr^^Tmeric product i. recovered by fiUerir>g or other suitable technique. Additive, ^ 
adjuvants may be Wporated in the polymers of the present inventoo in order to prov.de desiral^te 
JhSTaSSsSS! Wt^Tadditives include pigments. UV stabilizers, antioxidants, blowino agents, lubricants, 
niasticijftrs DholosensitizefS. and mbctures thereof. ... 
' n jr;.C^?on o( copolymers cor.t.ning vinylldene aromatic or hindered aliphatic ;J"y> /"^'^-^^ 
is des^te Sat a comonomer that is an o^lefin that is not particuiariy stencally hindered also be 
LXyTvrToOl wishing to be bound by any particular theory of operation. It Is beHeved this •' because 
^i atu^e Jie becomes crowded with the incorporation of the hindered vinyl compound maJdng n unfike^y 
5^at hiSSod viny. compound couW enter into the polymerization as the next monomer In tfje 

S^u^^After tt« incorporation of one or more olefins other than a hindered vinyl compound the adJve 
lSt.!^ aciin bSomesV-ailable for inclusion of a hindered vinyl morvxner. On . nrrUled t,asls however. 
^ vi^d^^ arS^Ttic monomer or sterical.y hindered vinyl morxxner may '"sert Into the Poly-«- 
reteri order, le. so as to result in two methylene groups between the subsbtuted polymer backbone 

Preferably such polymers possess a Mw of greater than 13.000. more preferably greater tfjan 2CM»0 
and r^o^^eferabty greater than 30.000. Also preferably such polymer, possess 

S;?2i^r2^ure A. condition E. of less than 125. more preferably from 0.01 • 100 and most preferably 
""""oue S use of the previously mentioned catalyst system comprising a 

conrtrJn«l oeometry copolymers may be prepared that incorporate reUtively bulky or hindered monomer, 
TsS^XraiS?- ^ '0- concentrations, and at higher corKentrafion, >^f^^ ordered 

W^irti^loaic The copolymer, of .olefins, especially ethylene and • hirxJered ^fP^^bc vinyfidena 
^^o^ndTvinyWene'lromaCc mc^mer can further be described a. 'pseud^andomV ^J-^ 
^^mer, lack wefl defined bkxks of either monomer, however the respectve monomers are Emrted to 

'""S^U*^ we™ ^^To. carton experimental detalU resuUing from an analysis of polymery 
The pS^^w^e ana^^ed by NMR spectroscopy 1 130* C with a Varian VXn.300 .pectrocnetac ^ 
JJ^'SJSIlnX" io to IsO mg polymer were dissolved In 15 ^S^'^TrSo 
tetxachkxoethane^a (approximately 70O0. vM which was ^'T^'^J-^ " In 010«» 
(acetylacetorate) and a portion of the resulting solution was added to • 10 mm NMR ^^V^^ 
t^^Z^ 'conditionVwere used: spectral width. 16.500 '^ST'J^^^ >^ nr^ 
Say. 1.0 s with the decoupler gated off during the delay.: FT size ^^"^"^^'J^'^'^ 
b«»adeninQ 3Hz. Spectra, as recorded were referenced to tebachtoroelhane^ f^Z!!^' ™^ 

?^S;^wit»«Sr^shlng to be bound by any particular «»^eory^raj^ of •"'Jf^'^'^^^^ 
procedures indicate that a particular distinguishing feature <rf P^«»t'»2Cfr;^<5[^te2 ^ tiX^B 
ohenvt or buBcy hindering groups substituted on the polymer backbone are separated by 2 ^"^^ 
in S^^ds. L polymers-comprislnfl a Wrxlered cmx^r^ of ^J^^^^^^ ^ 
be SssSbed by the totowing general formute (using styrene as the hindered monomer for inustra6on). 
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In further explanaUon <A tha foregoing expednw^Ul and IhooreticAJ rejuto. and without wishing to be 
bound bi any partJcular theory It can be concludod thai durfng th« addWon polymedzitton reactJoo 
employing the prwenl caUtysts, if a hindered nKxxxner la Inserted Into the growing potymer chain, the ne)d 
rnonomer Inserted must be ethylene or a Wndered monomer which la Inserted In an Inverted or tafl-lo-taJI* 
fashion. Thli is Illustrated below for a hindered vinyl monomer where M la the catalyst metal center, HQ 1$ a 
hindering group, and P Is the growing polymer chain: 



HG 




During the polymenzation react'on. ethylene may be inserted at any time. After an Inverted or taJHo- 
tail* hindered monomer insertJon. the next fnonomer must be ethylene, as the Insertkx) of another hindered 
monomer at tWs point would place the hindering substituent closer together than the mWmum separation 
as descn'bed above. A consequence of these poYymertzation oiles Is the catalysts of this Invention do not 
hocnopolymenze styrene lo any appreciable extent white a mixture ethyterw and styrene b rapWly 
polymerized «i may g^ve high styrene content (up to 50 mote percent styrene) copotymera. 

As a fufflwr Blustration of the description of tt^ o-otefin/hlndered monomer copolymer of the present 
frtventfon, a computer model of tt>e polymerization reaction was used to c^culaie the expected *»C NMR 
spectrum of t>e polymer product The computer program utJBzed a random number generator to select 
eclher a-otefin or hindered monomer to be Inserted Into a growing polymer chain, then calcdated Ste 
number of each type of '*€ NMR signals resulting from that Insertion. Potymers wore computer generated 
by repeating Ws process for 10.000 or more monomer Insections. and tfie rMulting calculated «>C NMR 
spectrum was compared to actual experimental *H; NMR spectra tor pseudo-random etiiytene/styrene 
copolymers of tits Invention. . . . _ 

Computer slmutetioos of the polymer and resufting •KJ NMR spectrm of cafc utat ed pseudo-random 
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emylone/styren* copolymer wer« performed using th« coostraJnt thai If Jtyrene monomer were Inserted 
Into the orwlng polymer chain. Ihe next morvxner Inserted must be ethylene or • »tyrene which l« Inserted 
In an Inverted or •laJHo-tall" fashion. Optimum fits between experimental and calculated spectra were 
obtained If approdmately 15 percent of the styrene Insertions are In the tan-to-lall' manner. Tlie obsen^ed 
and calculated NMR spectra for such pseudo-random ethylene/styrene copolymers containing 1.4. 4.8. 
9.0. 13. 37. and 47 mole percent jtyrene are shown In Bgures 8-13. In each case, the obserred and 
caJctJiated spectra are In exceHent agroemenL . . ^ 

Computer *nulat>oo of the polymer and resulting •>€ NMR spectra of completely random 
olefin/hindered monomer copolymers were then performed using no constrainta on hindered monomer 
Insertion. In other worda. the hindered monomer was allowed to insert Into the growing polymer chain after 
a prevloos hindered morxxner Insertion if the random number generator setecied hindered monomer as the 
next monomer to be Inserted. The calculated spectra for these completely random copolymers do not agree 
with the observed "C NMR spectra, as shown In figure 14 lor a 37 mole percent styrene containing 

ethyleno^styreoe copolymer. 

Prior to polymerizalion according to the present process the monomers and solvents. If any. may be 
purified by vacuum • ^stillalion. and'or contacted with molecular sieves, sinca, or alumina to remove 
Impurities, m addition, reactive blanking agents, such as trialkylaluminum compounds, alkafl metals and 
metal alloys, especially Na^ may be used to remove impurities. 

Suitable vtnyUdene aromatic monomers which may be employed according to the present Invention 
Include styrene as well as a-methyl styrene. the C.-C. alkyl- or phenyl- ring substituted derivat^e8 of 
styrene such as ortho-. meta-. and para-melhylstyrene. or mixtures thereof, the ring halogenated styrenes. 
vinyIt»en20cyclobutanes. and divinylbenzene. A preferred vinylidene aromatic monomer Is styrene. 

In the polymerization of vinyPidene aromatic monomers or hindered aliphatic vinyHdene compounds aryJ 
olefins the monomers are preferably combined in a proportion so as to achieve a vinyndene aromatic 
monomer (or hir^red aliphatic vinyMene compound) content of at least 1.0 mole percent In the resulting 
Dolymer more preferably from 1.5 to less than SO mole percent, highly preferably 5.0 to 48 mole percent, 
and most preferably from more than 8.0 up to 47 mole percent. Preferred operating conditions for such 
polymeriration reactions are pressures from atmospheric to 1000 atmospheres and temperatores from 
M* C to 200* C Polymerizations at temperatures above the autopolymertzation temperature of the respec- 
tive monomers may contain small amounts of homopolymer polyrT^eri^a5on products resulting from free 

radical polymerijafloru , _ . • « 

Certain of the polymers prepared according to the present mvenbon. espedally copolymer? of ethylene 
and an .-olefin other than ethylene, are characterized by unique rt%©ological properties. In particular. M has 
been found that polymers (hereifwfter called Elastic Polyethylenes or ePEs) are less Newtonian than 
conventionally prepared Hnear polyethylene resins of similar olefin content The polymers also have higher 
elastic modulus particularly at high melt indices compared to such conventional polymers. TWs property 
makes the resin especially useful In the formation of films, foams and fabricated articles, for example by 
blow moVSna tedvvques. The above phenomenon is more particularfy defined by reference to Figure 16 
wherein «mptot viscosity. measured in poise at 190* C . Is plotted as a hmction of shear rate. 
I measured radans per second for a typical BPE copolymer of ethylene and 1-octene according to tt>e 
Invootloa The slope d this curve indicates Ihe melt Is highly non- Newtonian. The actual values of and « 
uenzed In the graph are: 



< 


m 


< 








1.962 X 10^ 

1511 K 10^ 

1.115 « 10^ 
8292 X 10* 
6.322 X 10* 
4:920 X 10* 
3.956 X 10* 


0.01000 
0.01585 
0.02512 
0.03981 
0.06310 
0.10000 
0.15850 


3.230 X 10* 
2.713 X 10* 
2.293 X 10* 
1.968 X 10* 
1.701 X 10* 
1.464 X 10* 
1.285 X 10* 


0.2512 
0.3981 
0.6310 
1.0000 
1.5850 
2.5120 
3.9810 


1.088 X 10* 
9.336 X 10* 
7.964 X 10» 
6.752 X 10P 
5.877 X 10* 
4.721 X 10» 
3.854 X 10* 


6.310 
10.000 
15.850 
25.120 
39.810 
63.100 
100.000 



Also ototled h Flgur* 15 la the lani valuo of the same EIPE polymer. This value It unWess and Is 
ulated by dMJng the vlscoot modulus valuo by the elastic modulus. The actual values of tanl and «• 



calculated 

utilized In the graph are: 
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tan 1 
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tani 


«f 


tanl 
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0.5528 


0.01000 


1^43 


0.2512 


1.718 


ejio 
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0.3981 


1.877 


10X00 


0.5771 
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0.6310 


1.620 


15.850 


0.6597 


0.03981 


1.615 


1.0000 


1.552 


25.120 


0.7971 


0.06310 


1.690 


1.5850 


1.475 


39J10 


0.9243 


0.10000 


1.729 


2.5120 


1.388 


63.100 


1.080 


0.15850 


1.737 


3.9810 


1.315 


100.000 



For improved performancd in melt blowing applications preferably the tan I value Is from 0.1 to 3.0 for 
shear rates t)etween 0.0 1 -100 radian'sec. 

A further properly of EIPE polymere Is illustrated by referer^ce to Figure 16 . The elastic modulus In 
dynescm*. Q . at 0.1 radiarvsec.. and 190* C for several ethylene -octene OPE resir^s is plotted as a 
fufKtion of melt index. The resins utilized include those of Examples 11, 12. 14-18. 18-22, 24-26, 30 and 31. 

The values of melt index and elastic modulus utilized in the graph are as foHows: 
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0.15 


35220 


5.34 


5858 


31^ 


4516 
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16.32 


6612 




• 



Typical properties of n' and <# for a conventionally prep>ared polyethylene resin are provided In F»gure 
17 for comparison purposes. 

It is readily seen thai OPE resins are characterized by high elastic modulus In the melL In part/cular. 

36 EPE resins have a melt index (O2). ASTM 0-1238 Procedure A, corvStion E). less than 200. preferably less 
than 125. most preferably less than 50 and an elastic modulus greater than 1000 dyne/^cm>« more preferably 
greater than 2000 dyr^er'cm'. All o( the foregoing rheologicaJ measuremants are performed by starxlard 
techniques such as are disclosed In H. A Barnes e( al.» Introductior) to Rheclogy. Elsevfer. publishing, Inc^ 
1989. Densities normaHy range from 0.85 to 0^7 g/mt« preferably from OJBS-OST gAnL Molecular welgfit 

40 (Sstnlxitkxis (MwVn) are greater than 2.0. preferably from 3.0-10.0. Typkally meKng points range from 
50*CI0 135*C. 

Prefeaed polymers additionany demonstrate properties of horrv^gefteous polymers as defined In USP 
3.645.992. ie. ethylene copolymers having substantially random comooomer distnlxition within • given 
fTK>tecuSe and substantially the same ethylene/comorxxner ratio between molecules. Polymers produced at 

4$ elevated polymerization temperatures, espedaJly temperatures greater than 130*C, may exhibit a heteroge- 
r)eous melt cuve. The polymers of the invention are further marked by Wgh clartty* In particular the 
pofymers have t>etter optical properties, especially lower hazB than typical ethylene polymers, making them 
espedatly weD suited for film and Injection molding appOcatior^ 

k\ addition tfx>se polymers comprising an olefin and a vtnyGdene aromatic monomer, espedally 

so ethylene and styrene, have surprisingly been found to possess elastomeric properties. Thus, such pofymers 
are uniquely suited for use in applications for ti^ermoplastlc elastomers audi as Impact modification of 
fftermoplastic arxJ thermosetting polymers including t)itumens; adhesrves; elastomertc mokfingr. etc 

The polymers of the Invention may t>e modified by tyf*»I grafting, oossHnHng. hydrogenation. 
fiffKtionafizing. or other reactions well known to those skflled In the art WHh particular regard to (ha 

as polymert corrnytslng vCnyffdene aromatic, vinykrydohexene. or 1,4-hexadleoe functionality, tha tame may 
be readDy sulfonated or chtorlrtated to provkle lUnctionaRzed derfvatives according to established tech* 
nkjues. Additionally, the vinykryctohexene based pofymers are reacSly crossSnkabia ty reaction cf 9m 
unsaturated ring fUncfloriaOty. 
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Th« pofymo^ th© preeonl InvenUon. whether or rvol further nruxJifled. may be blended with synthetic 
or f^hjrJpoJymari to provide blends having desirable propertfef. V\ particular polyethylene, elhylene^o- 
olefin copolymers^ polypropylene, polystyrene. styrene/acfylonWle copolymer* (Including rubber modified 
derlvallvei thereoa syndlotwrtlc polystyrene, polycarbonate, polyamide. aromatJc polyester, polylsocysntte. 
polyurethane. pofyacfykxiltrlle. silicone, and polyphenyleneoxkJe polymers may be blended with fte 
polymertc compos»ons o( the present InventJon, The polymeric modifier Is utjnzed In amounU from 0,1 to 
00 0 preferably 0.5 to 50 weight percent 

fcTa NoWy pcsferred embodiment of the Invention the polymers containing ethylene and styrene are 
elastomerfc as defrwd In the definltioo of an elaslomerk: substance by ASTM Special Technical BuHefln Mo. 
184 as a substance that can be stretched a! room temperature to twtce Its ler^ and wiB return to Its 

ofkjlnal tenath upon release. 

to addltfon to inodificatSoo of synthetic thermoplastics the present polymers are also usefully emptoyeo 
as rTKxfifler« tor asphalt or Wlumen compositions. Desirably the polymers of styreno/ethylene are utized In 

TTwterm •bittfnen* can generally be defined as mixtures of hydrocartx>ns of natural or pyrogenoos 
origin or comblnaSons of both, frequently accompanied by their non-melainc derivatves. which may be 
oa^ous iquid semi-solid or sofid, and which are usually soluble in carbon disulfide. For the purposes of 
tf^e present invenfion. bitumen of a fiquid, semi-sofid or solid nature may be utiflzed. From a commercial 
standpoint Wlumen is generally resUicled to asphalts and tars and pitches. A Csting of various bituminous 
materials which c^ be utiRzed in the present invention include the following: 

L Asphalts 

1. Petroleum Asphalto 

A. Straight-reduced asphalts 

1. Atmospheric or reduced-pressure reduction 

2. Solvent predpftated, as with propane 

B. Thermal asphaJb, as residues from cracking operations on petroleum stocks 

S6 

C. Air-blown asphate 

I.Stralght-btown 
4D 2- •Cata)y6c'-blown 

2. Nafive Asphalts 

m K vm mineral content below 5 percent 

1. Asphaimee sudi as gnsonlte. graphamlte. and glance pilch 

2. Bemiudez and otf>er natural deposits 

«o B^wah mineral content over 5 percent 

1. fVxk asphalti 

2. Trinidad and other natural deposits 
m l.TarswKlOartvaflvw 



00 



i. Residua from ccfce^over>-drted coal tare 
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A. CoaJ taa reducsd to noal grades, as RT (road Ur) grades for paving purposes 

B. Coal lar pilches, vdth reduction carried out to softenlna-polnt grades 

2. Residua hwn other pyrogenous distillates as from water-gas, wood, peat bone, shale, rosin, and fatty 
i acid tan« 

As can t» readily appreciated by those stalled In the art, the weight average molecular weight of the 
varwus t>itumens can vary over a very wide range, for example such as from 500 to 10,000. Addllk>nany, 
the softening point of the various types of asphalt win also vary such as from 50* F to 400* F. 
to Off the many types of asphalU which may be utinzed. petroleum, and native are desired, with petroleum 
being preferred. Of the peUoIeum asphalts, the thermal asphafts are preferred. 

The amount of bitumen utinzed in the compositions of the Invention preferably ranges from 65 to 99 
parts by weight with preferred amounts ranging from 80 to 98 parts by weight 

Having descnl^ed the invention the foMowirvg examples are provided as further Ulustrafive arvJ are not to 
ts be constnjed as nmiUng. Unless staled to the contrary parts and percentages are based on weight 



Example 1 Preparation of (Tert-butyiamido)dimethyK tetrameihyl V ^yclopentadteny QsHane zirconium tf- 
cMoride 

To 0.443 g (1.90 mmol) ZrCU in a nask was added 8 mL diethyl ether, then 15 mL tetrahydfofuran 
fTHF). To the resulting slurry was slowly added a solution of 0.500 g (1.90 mmoO tfCthlum (lert-butylamIdo>- 
dimelhyUtelramelhylcyciopeniadienyOsilane in 15 mL THF. The resulting yellow solution was stirred tor 
several days. The solvent was removed to give a gummy residue, whkii was extracted with 5/1 (volume) 
diethyl elherpentane and filtered from a white solid. The solvent was removed from the yellow filtrate to 
give a Hght-yeilow powder. RecrystaJIization from elher/pentane (S/1) yielded the product (C*Me«(Me2SI-N- 
len-Bu)2rCl2) as an off-white crystalline solid. The yield was 0.2207 g (282%). Identification was made by 

and 'H NMf^ 



Polyrr^erization 

A. Five ml of a 1.009 M solution of methyl aluminoxane (MAO) In toluene was added to a shot tank 
containing 25 mL trf 4-melhyl-l-pentene, The catalyst solution was prepared by adding 500 Ut otf a 
0.01172 M solution of C4Me*(Me2Si-N-tort-Bu)ZrCl2 in toluene to 2 mL of toKjene In a secof>d shot tank. 
Both shot tanks were s&aied, removed from the glove box, and attached to a 600 mL stainless steel 
pressure vessel. The pressure vessel was evacuated and purged with argoa ^ 

The 4-HT^thyl-l-penlene/loluene'MAO sokition was added to the pressure vessel and warmed to 89 C 
under 620 kPa (90 psig) ethylene v«th stining. Upon addition of the catalyst soMkM to the 4-meJhyM* 
penieneMA(yethylene mixture, the ethylene pressure was Increased to 1240-1275 kPa (180-185 psJgJ. After 
2 ho« the solution vras cooled to 30*C and vented. The yiekJ of polymer obt^ned after drying wder 
reduced pressure at 100*C overnight was 10.0 NMR analysis ci the po»ymer showed R to be a 

random copofymer of ethylene with 4-methyH-pontene. 

B. The polymerization procedure of Polymerization A was essentially repealed except that 50 mL of 1- 
hexene was used instead of 4-methyl-l-pentene and the catalyst concentration *ras 0.01012 M in 
toluene The catalyst solution was added to the 1-hexene/MACVethylene nocture and the ethylene 
pressure was increased to 1240-1275 kPa (180-185 psJg). When the catalyst soluflon was added the 
temperatiw of the reaction cOmbed to 139* C. After 30 minutes the soluOon had cooled to 100 C. 
Heating and ethylene feed were discontinued and the reactor was cooled and vented. The yiekl of 
pofymer obtained after drying under reduced pressure at 100* C overnight was 363 g. NMR analysie 
of the polymer showed It to l)e a random copolymer of ethylene with l-hexene percent on a mole 
basis). 

a The polymerization procedure of Polymerization A was essentially repeated except that 213 uL of the 
catalyst solution (0 01 172 M In toluene) was used, and 143 mg of sofld MAO was used. No addiBooal 
(tefin v«s added. When the catalyst solution was added to (ha reactor the temperature increased lo 
109* C due to the exotfiennlc polymedzafion reaction. The reaction was halted after 1 hour by cooHng 
and venting the reactor. The yield of polyethylene obtained after drying under recftjced pressure it 
100* C overr^ was 1 1 i) ff. 
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O. ISO mL of toluene was eddod to the pressure ve«el employed In PoJymedration A, foftowed by 100 g 
oT propyteoe. A sokition of 0.828 g of MAO \r\ 8 mL of tofuer^e was added, foHowed by 2130 uL of the 
caulyst solutloa The mixture was anowed to read for 3.0 h at 8* C. The reactton mixture was quenched 
with acicte methanol, and 0.38 g of a white, tacky mateHaJ was obtained. NMR analysis of the 
s polymer showed It to be atactic polypropylene. 



Example 2 Pfeparatioft of fTeft-butytamido)dimethyl(tetramethylV<yctopent^enyOsnanetl dtchto* 
fide 

10 

Preparation 1 



15 (a) (Chloro){dtmethyl)0©l''am®thylcyc>opentadi-2,i-enyl)snane 

To a solution of 21.5 g (167 mmoO dJmelhyldichlorosilane in tSO mL THF cooled to -40*0 was slowly 
added a solution of 8.00 g (55.6 mmol) sodium 1^.3.4-tetramethylcyclopentadienlde In 80 mL THF. The 
reaction mixture was aJJcwed to warm to room temperature arkd was stirred overnight The solvnet was 
20 removed, the residue was extracted with pentane and filtered. The pentane was removed under reduced 
pressure to give the product as a nghl-yellow oil. The yiekJ was 10.50 g (88.0%). NMR {C«0|) I 2.89 (s, 
1H). 1.91 (s. 6H), 1,71 (s. 6H), 0.14 (s, 6H); '^c NMR (C<0*) I 137.8. 131.5. 56.8. 14.6. 11.4. 0.81. 



» (b) (Tert-butylaminoKd»methy!)(tetramelhyk:yclopenladi-2,4-enyl>siIane 

A solution of 11.07 g (151 mmol) t-butyl amine in 20 mL THF was added during 5 minutes to a solution 
of 13.00 g {60.5 mmoO (chloro)(dimelhyIMletramelhylcyclopentadienyl)siIane in 300 mL THF. A predpitale 
formed immedlatety. The slurry was stirred for 3 days, then the solvent was removed, the residue was 
30 extracted with pentar^e arxi filtered. The poniane was removed under reduced pressure to give the product 
as a nght yeltow oil The yield was 14 8 g (97.2%). MS: 251 *K NMR (C(Ot) I 2.78 (s. 1H). 2.01 (s. 6H), 
1.84 (s, 6H). 1.09 (s. 9H). 0.10 ($, 6H); NMR {C%0%) $ 135.4. 133.2, 57.0. 49.3. 33.8. 15.0. HZ 1A 

35 (c) OiKthium (tert-butytamidoK<^methyO-{tetramethylcyck>-pentadienyOsllar^ 

To a solution of 3.000 g (11.98 mmol) (tert-butytaminoXdImethyO{letramethylcyclopentadIenyOsnane In 
100 mL efher was slowty added 9.21 mL of 2.6 M (23.95 mmoO butyi flthlum in mbced Cs alkane soKrent A 
white precipitate formed arxS the reaction mixture was stirred overnight* then fntered. The eoDd was washed 
40 several tmes with ether then dried urx5er reduced pressure to give the product as a white powder. The 
ylekj was 1134 g (99.8%). 



(d) n'ert-barytamkio)dtmethy1(tetramethytV^ciopentdd1enyl)sna^ tlanlum dichloclde 

46 

0.721 g (3.80 mmoO Of TICU was added to 30 mL frozen (-196*0 THF, The mixture was aflowed to 
warm to -78*C (d^ ice bath). To the resulting yeHow solution was slowty added a soluflon of 1.000 g (3.80 
mmoQ d&tMum (tert-butylamk5oXdimetfiyOtetramethylcyck)pentadIenyOsnarM ki 30 mL THF. The solufion 
was allowed to warm to room temperature wfiHe sfirring overnight The solvent was removed from the 
50 resulting very dart solutton. The residue was extracted with pentane and IHlered. Cooling In a freezer 
caused the separaSon of a very soluble darV reddish-brown material from a iglht yenow-green crytanine 
solid. The soid was fntered out and recrystaHIzed from pentar>e to give 9>e oBve^reen product The yield 
was 0.143 » 10.2%. 'H NMR {C^0%) I 2.00 (s. 6H). 1.99 (t. 6H). 1.42 (a. 9H). 0.43 (s. BH); NMR (<5|0s) 
a 140A 137J9. 104J0. 62.1. 32.7. 16.1. 13.0. 5.4. 
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In . rfrvfea*. 4D mL of 2.0 M Isopfopylmagnesium ch«orid« In diethyl other was syringed Into • 100 mL 
w iflS^ a «n>ov«J J^der rXad^essure to leave • cokxies* oil. 20 mL o( • 4:1 (by volume ) 
n«k. Tl^ether>m removed u (lert-buty!amlrx))dlmethy1- 

SZ::rV:vd^eny^tan.1?^soJ^ w« heat'ed lo reflux. After »-10 hour,. . wWle preclpa«le 
S^^r^LX^^^nTl^ 27 hour,, the «luUor> w« cooled and the volatile materiaJ, were 

!^X!^V^ra. Tl,e white sofid residue was sluaied In ponlane and flUered to leave a 

BuM^?SX^^ aS^. a cokx Change from pale blue to deep purple. After IS mlnjtes. 

?M o /2a w^Tadd^to the sclutloo. The color Immediately began to Dghten to a f>^J'^^^^ 
55t 1 ?/2^^1w was removed under reduced pressure to leave . yellcw^reen soM. Toluene »0 
JlTwal acS^'lS^so^^on was filtered, and the toluene was removed under pressure ^3;^* V^^' 
oc^ml^v^ne sond 0.51 g (quantitative yield ). The product's Identity was conflm^ as (tart- 
S^TSS^^Str^eihylV-Jy^ <«ch'<^<^« '» '•^'^^^ ' ^"^^ 

(S). 1.988 (8). 1.414 (8). 0.414 (s). 



Preparation 3 

■nn. 0 72 Q (3 80 mmoD was added lo 3S mL of frozen THF (-196* C) In a flask. The mixture was 
wanlS^'S; ?8^C A^'utioo of 1.0 fl (3.80 mmol) dilithlum (tert-buty.amido)dlmelhy^ 
J^ethyfcyclopentadienyOsilane in THF was slowly added. The resultir>fl yeHow so^ubon was ^^^Jo 
S^t^mSTand stirred overnight The solvent was removed to give a dark residue wh«h was 
l^H^^S^S^*^d filtered. The product (CsMe*(l^e,SiN-t-Bu)T.a,) was obtained as a dark 
g:tXrnow^s^ne^ate?a. a«er bei^ recrystaHized twice fror. per,tane at -35 to ^ C ldent.fica- 
tlon was conflfmed by '*C and NMR. 

Preparation 4 

In ^ drvhflx Tia.rrHF>3 (2.0 g. 5,40 mmol) was suspended in 40 mL of THF. WCthio Cert- 

• -r^ T^^L, ^# aventuallv to a deep Wue. Afler 1 1/2 hours of stmnQ, Agd (0^ g. o.oo 

r<^?i'S^ «k.1rm:^"X tolS^^tan to a red,orar>ge. After 1 1^ hours of stirr^. 

^plTf^c^ undeTreduced pressure. Diethyl ether (SO mL) was added, the soluboo was fi«fred. and 

-der redu«d..p--- :^i,ji^^,^o.?f^; 

butytamkto)<SmethyKleframethyH'<yc«opentadienyOsilanet.tan.um dic^toode. H NMR (CO,): I 1.992 (•). 
1.987 (s). 1.415 W. 0.415 {,). 

Polymerttallon 

D«i„«,^«««» «f « stvreoaethylene mixture was accompFished by confining i.es mL of • 10 percoat 
^^l^SViZS^Tsoi^o^ of 45 mL of toluene and 50 mL styrene In V*^"!!^!?? ^? 
SiriSTSTToiO M solutton of 0e.t4xitylamkJo)d-.methyl(tetramethylV^<^ 
S^tiS3 J^di(L,We wJ added to 2.5 mL of toluene In a sacorKj shot tank. Both shot lanks w«re 
t^^^Z^^f^,^^ and attached k. . 600 mL stalnlesa stee. pressure vesseL The 

. kP.^ SStSJterTwfth stirring. Al this time the catalyst soluttoo was added and the pressure w^ 
"^"^Ti^X!^^ was discontinued. 11- reactk« was vented to the *no«phere ^ «oled 
ettiytene. f^ee of peaks attributed to polystyrens. 
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2 L of mixed alkara solvent ^^^P*' ri,.H.r« was maintained it 150 C 10 minute*. The ethylene 

;X«ifwrS:;'«::^2vod.»roa, f^. ^ PO.^^^ - covered .ner 

5^?;; u^Wed pressure « 90* C overnight r«ld 15.7 fl. 



Example 4 (Olefin Copo»Y>]ngf Polymerization) 

. \, - tv,, under aroon atn^osphere. 5.0 mL of 1.0 M solution of methyWumlnoxane (MAO) in 
• ° IS J^ with 5?mL of 1 -octane in a stainless steel (SS) shot tank fitted with ball valves on 
toluene was ^^^.^^^y, (5.06 umoO of a 0.0101 M solution of (lert-butyIamido)d1methyl- 

both ends. dichloride In toluene was added to 2 n.L toluene. 

(letramethylV<yckH^ntad^"y')s ^^^^^ to • 600 mL SS pressure vessel 

, T^e "^^f;:,^^;;:::;? jL^ed argon. The solution of l^ane and MAO wa3 added 
The pressure y^l^^^^Son was warmed to 89* C under 620 kP* (90 psig) ethylene with stJnrfng. At 
L'^LX" wTa^^ exothennic reaction occurred ^ -Jsed the temperature to 

^^ ^-^ c-"-""^ • ^— <=■ 

10 Mw =^ 44.000. Mw/Mn * 6J 

g^amoto S (Olefin Copo^ymof Potymerization) 

I e ^ subsiantiallY reoeatod excepting lhal 50 mL oC 1-hexene was used 

" "^^r^ "^.^rm'^aturrortSrra^l w^^^^ 133-t«* C. PoVmer yie« wa, 37 

S'SSl^SJ^I^en:^ 6 percent on . moUr basU. 21 per«»nt ty -^OKt 

40 Example 6 (o-Olefin Homopolymeffzation) 

<o A «i A n rti WAS added to10mLof«1.0M MAO soKifloo In toluene In • 20 
??,Ss w« aiSeS rc^u^cT^tim M toluene soWon Of the Urconlum complex 
ST?? r^oll 4 vlSl,« shaken, and altowed to stand - room temperature (c 

Svf J^il^ tlen^IS to^-C for an additional 24 hour,. The vtecoue polymer soluHofl was 

ISj^rX^ pressure for four hour, at lOO' C to gN. 43 Q of . dear polymer (95 
•^11 ^'^^TaS^is^ndlcated that the polymer was atactte poly-^^ethyl-l-penten.. 

drying Ihere was obtained 3.0 g of poIy(1-hexene). 
Bcample 7 (Btytene Homooofymertzatlon) 
" ASS .hot lai* was charged wRh 500 »L (5.0 umoO of a OOtOMIokier^ 

JST^JSrntSiS^SS^ .,^MsoH*x.o»MA01nWuenew.s«*dedto02mLol 
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lolueoa Bo«h ahot tanks were sealed, removed from fro gtove box and ettochod to • 600 mL pce«uf» 
ve^ The orewure vewel waa evacuated and flushed with argon and then flushed with ethylene. The 
cocalaiyst solutloo wa3 added to the pressure vessel and heated to 89 C under an ethylene pressure 
So«Sa(90 Dskl) The catalyst solutJon was added to the reactor at this tJme. The temperature rose to 
iS'C within ««)nds as a result of an exothermic reaction. The ethylene pressure was refluteted tsetween 
1240-1275 kPa (180-185 psio). After 0.5 hours the reactor temperature had increased to about 110 C and 
the uptake of ethylene Increased. After 1.0 hours ethylene feed was discontinued, the "^^^'^'^^f^ 
the aton«c*>ere. and allowed to cod. The pressure vessel was opened, quenched with methanol, and the 
polymer was Isolated. After removing the volatile components, the yield of polyethylene was 24 g. 

Example 8 Hindered Vinyl A^p^at>c Monomer Polymerization 

♦^nyteyclohexene was purified by vacuum distillaUon from Na/K altoy. The procedure of Exampte 4 
was subslantiaJIy repeated using. SO mL of 4.vinylcyclohexene with 5.0 mL « J ^ ^ 

m^thytaluminox^e (MAO) cocatalyst in toluene in one shot tank and 500 u L o, » 0X^0 M ^^o" <>' Oerl' 
butylamido)dimethyKteUamethylV-cyclopentadienyl)sitane2irconium dichloride In toluene added to 2 mL 

**""®^'"eJ^tf^^JSc*l!^lction occurred which raised the temperature to 114* C. The ethylene feed was 
disconCnued after 1h and the cooled and vented reaction was quenched with acidified methanol 

The product was 12.6 g of material. '»C NMR analysis indicated that vinylcyclohexene was incorporated 
into the polymer In an amount of 1.5 mole percent 

Example 9 (Ethylena/Styrene Copolymerization) 

The above polymerization procedure was substantially followed except that the reaction temperature 
waa SO* C The reactor was filled with 150 mL of mixed alkane solvent. 500 mL of styrene and 8 mL of 15 
oorcent MAO In toluene (1000 AJ:Ti). The reactor was saturated with 1240 kPa (180 psig) of ethylene, and 
20 micromoles of [(CMe.>SiMe,(N-phenyl)jr.a, was added to begin the pofynierizabonjthylene was 
provided on demand at 1240 kPa (180 psig). After 60 minutes, the solution was drained from the reactor 
inxo a container whk:h had a small amount of antioxidanL The polymer was dried under vacuum. The 
po^meTyiekJ was 26.8 g. melt index (1,) = 26.6. 'K NMR NMR analysis Indicated the polyrner was 47 
mole percent styrene (76 weight percent). No isotactic atactic, or syndiotacf c sequences wera obsen^KJ. 

Example 10 Ethytene/Styrene Copolymerization 

The reactton conditions of Example 9 were substanfafly repeated to prepare styrene'ethylene 
copolymers having differing styrene content The catalyst was (tert^)utytamido)dimetf»yVetramethyH^ 
SSpentadtelwl^ dichfcjride except where noted. MAO cocataJyst was emptoyed In an amount 

to provide an AJ:M atomic ratio of 1000:1. Reaction conditions are contained In Table L 
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Run 



1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12* 



mo 

(complex) 



0.92 

2.50 

2J20 

L20 

3.70 

3.70 

3.70 

3.70 

1.90 

1J0 

2^ 

2.30 



T 



90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 



Sofvent 



amt 
(mt? 

T.50 
T.I 38 
T.I 60 
T.204 
I.3S0 
I.52S 
1.600 
1.440 
1.650 
1.650 
T.180 
T.180 



Ethytene 
Pressure k>« 



1240 (180) 
1240 (180) 
1240 (180) 
1240 (180) 
1515(220) 
1515(220) 
1515(220) 
1515(220) 
1515(220) 
1515(220) 
1240 (180) 
1240 (180) 




Mw 



147.000 
85.100 
70.100 
72.300 
121,000 
304.000 
180.000 
172.000 
113.000 
154.000 
78.600 



Mw/Mn 



t. catalyst was 
b. T a toluene 



0)henylamldo)dlmethyl(letramethyiV-cyelopentadienyOsllanetitanJum 



dlchloride 



I a mixed alVanes 



Examples 11-32 



to the l^"^^'**"^- ^""^e? itott* Jeactor.Wed ^^l^»a<Sion of the catalyst 

Z 7o SeJ r J^on ^t^^Si^ reactor into Vcontainer whtoh »«d . vnaB 



Resuns are contained in Table B. 
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Example* 33-*2 

The procedur* ol Examples 11-32 was substantially repeated, except that the catalyst was Cert- 
botylafnk5o)dimet^yl0etramethylV<yc^oponU(Jieny0$^an©2^r«»nlum dlchloride. Results ere contained to 

Table m. 

Table Ul 



Example 


Temp 


mL 
Octene 


AHj kPa 

(psig) 


Zr (mmole; 


AJ:Zf* 


Zreffx 
"1(P*' 


33 


ISO 


300 


345 (50) 


0.02 


500 


50 


34 


140 


300 


345 (50) 


0.01 


500 


122 


35 


130 


300 


345 (50) 


0.005 


500 


285 


36 


130 


450 


345 (SO) 


0.005 


500 


302 


37 


130 


150 


345 (50) 


0.005 


500 


230 


38 


130 


150 


345 (50) 


0.01 


250 


158 


39 


130 


150 


345(50) 


0.02 


100 


104 


40 


130 


300 


345 (50) 


0.01 


100 


154 


41 


140 


450 


0 


0.015 


200 


84 


42 


140 


450 


690 (100) 


0.02 


200 


101 



A. equivaJent rabo, assuming S8 Mw for MAO 
b. catalyst efficierxry. g polymer .1 g metal 



Examples ^'51 

The DTOcedure of tramples 11-32 was substantially followed except that a 2000 mL reactor was used. 
Thft cataivst was tieil-butylamido>dimethyKtet7amethylV<yclopentadieny^^ dtehloride (2 mL 

of a aOOS M solution in toluene, 10 umoles). The cocalafyst was 15 percent MAO m toluene (2 mU 500 
AfcTi). Results are contained in Table IV. 
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Table rv 



fO 



fS 



30 



a. hydrogen partial pressure 

b. b. ASTM 0-1238 Procedure A, condiUoo E. 



Exampla 


T©mp. 


(psig) 






Melt 
tr^dex * 


Density 




C 


111 W 






43 


100 


170 (25) 


1^ 


70.0 


<,1 


0.8700 


44 


80 


170 (25) 


1.58 


67.0 


<•! 


0.8872 


45 


90 


170 (25) 


1JS 


982 




0.8582 


46 


100 


170 (25) 


2.12 


118.3 


0.98 


0.8575 




100 


345 (SO) 


1.85 


131.9 


7.48 


0.8552 


48 


80 


170 (25) 


2.12 


139.3 


0.93 


0.8528 


48 


90 


0 


1.59 


104.4 


0^ 


0.8594 


SO 


90 


345 (50) 


2.12 


133.1 




0.8556 


51 


90 


170 (25) 


1.85 


130.2 




0.8550 


52 


100 


0 


1.85 


110.0 


0.66 


0.8570 


53 


90 


170 (25) 


1.85 


141.0 




0.8545 


54 


80 


345 (SO) 


1.85 


161.2 


5.44 


0.8525 


55 


80 


0 


1.85 


118.1 


0.48 


0.8536 


56 


90 


0 


2.12 


150.8 


3,12 


0.8516 


57 


90 


345 (50) 


1.59 


136.7 


3.43 


0.8578 



2i 



Examples 58-77 OteBn polymerization 

Elhylen« arxiw ethyl©n©/1 -octene were respectively polynr>eri2©d as a homopolymer or copolymer by 
adding a soJiJtion of fte appropriate catalyst ir^ combinatiof^ with MAO or triethyl aluminum cocatalyst to a 
3L SS pressure vessel containing mixed Ct alkane so>vent/1 ^tene (w^t^ varying ratios) under 3100 kPa 
(450 psJQ) or elbytene at 150* C (or 175* C v*here indicated) lor 10 minutes. The ethylene pressure was 
held wstani and • mass flow meter measured Ihe uptake ol ethylene. The consequent polymer was then 
removed from the pressure vessel and dried under reduced pressure at 90 C overnight Results are 
contained in Table V. 



40 



48 



90 



£P 0 416 615 A2 



Tabte V 



ExAmple 






polymer igj 






Mn 


Mw/Mn 










68 


Tl 


in 


61.1 


79.0 


45.600 


9100 


541 


58 


Tl 




48.7 


1.7 


88.300 


10100 


6.74 


60 


Tl 


1/1 


413 


1374 


36.300 


9950 


3.68 


61 


Zr 


1/1 


S5.2 


13244 


- 


— 


— 


62 


Zr 


2A).1S 


334 


104 


— 


- 


- 


63 


Zr 


2« 




6.8 


58.400 


5310 


10.90 


04 


Zr 


0/2 


102^ 


168.1 


30.900 


6150 


3.79 


65^ 


Zr 




174 


147.1 


— 


— 


- 


68 


Zr 


2/0 


25.3 


240.8 


- 


- 


- 


67 


Tl 


2A> 


15.6 


4.4 


- 


- 


- 


68 


Zr 


2A} 


20.6 


2.8 


101.000 


7700 


13.10 


69 


Zr 




44.0 


17.1 


47.300 


6550 


742 


70 


Zr 


0/2 


96.6 


1494 


43.500 


4710 


587 


71 


Tl 


1/1 


47.5 


25.8 


54.000 


10800 


5.00 


72 


Tl 








44 400 


12100 


3.67 


73 


Tl 




75.0 


564 


44.700 


9800 


4.56 


74 


Tl 


2J0 


15.6 










75» 


Ti 


2A).15 


194 










76 


Tl 


2A).15 


344 


1.0 








77 


Zr 


0/2 


884 


111.7 


35.100 


6440 


5.45 



Zr 3 port-butyUmkJo)dimethyl(letxamethyl-^'<;ycIopenU(Jienyr)si dichloride 

b) Metal-AJ ratio * 1.1000 assuming 58 MW for MAO 

c) filers of eacli 

d) Run«t 175*C 

e) Usod trieftytaJuminum as cocatalyst metal-AJ was 1:1000 



Example 78 Pmparation ^ Supported Pert-butylafnido>dirT>ethyiaetrafnethyH^<YClopentadieriyt>> 
silaf^etitaniumdichkyide 

O.IOOo of dehydroxylaled siBca (-0H concontratton • 1 mmoVo SiOa) was slurried In 20 mL of mixed Cc 
alkane sohrent WKJer a rtftrogen atmosphere in a dH-*>ox. with stirring in • 50 mL Ertenmeyer flask. From 
INs slurry IjO mL was removed by syringe and combined witti 1.10 mL of a 0.011 M toh>one solution d 
Cert-butylamkjo)dimethyKletramemylV<ycloper>ladlenyr)^^ dteMoride In a 5 mL rounded-bot- 

tomed flask and sliced for 12 h. After tfvs period 8.7 mL o« • 10 percent (w-w) solution of methyl 
aJuminoxane (MAO) In toluene was added to the sinca containing solutton. 



PotymertzaOon 

The polymertzation was conducted by adding under pressure the above fitanlum/slBca/MAO skjrry In a 
3 L SS pressure vessel containing 2 L of mixed alkane solvent under 3100 kPa {450 psJg) of ethylene at 
150*C to 10 minules- The ethylene pressure was hekJ constant and a mass flow meter measured the 
uptake of ethylene to be 28.7 g. The polymer solution was then removed from the pressure vessel and the 
pofyethytone was recovered after drying under reduced pressure at 90*0 overnight YlekJ was 304) g. 



cflcfitorkSe 
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fS 



30 



(.) {(Tetrame«hy»cycto(»nt»cJlenyOdlfnethylsllyl) (2-meth<wyphenyDamln« 

TO O Q (59 mmoO ((tot^m>•t^yteyclopont^e^yr)d^n^t^yWlyI)chkxid• U,^ mL 

removed under reduced pressun. and !^ J^"' 'i^^^^^ 
6.3). 

(b) OintNum (Oetramethyteyctopentad5enyl)dimethylsilylH2^thoxyphenyI)amIde^ 

T , 1 n li K mmon (netramethylcycIopentadienytyjimethylsitylXa-methoxyphenyOamine in diethyl ellw 
^°J:1°.^ TTfo 5 M^butyinthium (9 8 mmol) m hexane solveoL A while precipitate formed. 

;e"nt:^e was^r^".^^^^^^^^ ^^^-^ ry was Lred ^ soHds washed with pent^. . 

(c) (2-MethoxYpheny.amido)dimethyl(teUamethylV-cyc«opentadIenyl)siIanetrtan.um dichtorid. 

li"^^^Su^p?essure The residue was slurried in p^e and filtered to give a darV powder. 
77^ (Ttil^NS^r^^n' ^^^^ . 4.10 (s. 3). 2^ (s. 6.4). 1^ (.. 6.6). 0.40 <s. 6 3). 

Exampto 80 Preparation o( r^n..^..henv.arT.ido)dime»hy.(tetramethy»V<ydopen tad-.eayOsila.eUlanlum dh 



cMoride 



30 (a) ({Tetramethyk:yclopentadienyl)dimethylsilyl)(4-f»oorophonyOamine 

^'ru,rH^nt.«^H «>• .33 (m.^^ ...... ,.. n ... ..9,. ,.7, ,.. 

3S 6.9). 0.02 (s. 5.8). 

(b) OilitWum ((ietramethyk:yclopentadienyl)dimethylsi«y0t4-fluoropheny^ 
^ (CTe^o^^c^nta^-vOdimetht;^yO(4-^ 

^^^0^6^ (ir?). 3^^773. 2-7). :.05 (s. 5^). 2.01(s. 5-2). 0.44 (s. 4.6) 

(c,(4-nooropheny.amkJo)dimethyI0etramethy«V^ctopentadienyI)si^^ 

^ ««« « MB mnv.n r.Cls-3THF in 50 mL TW was added 050 g (1.7 mmoO tf^Wum 

«c add^i.Afto' 2 h the solvent was removed under r^^^^ 

ether. The ether extracts were fi^tored. c«nblned ^ «now^^^ was extracted 

fltassy sond. OCsscK^on ""^o ^'^^'^ j:;!;;^^^^ . waxy «,nd. Thl. 

« S^t^^lTtinzene^) . 7.10 «. 6.80 W. 2-00 (.). 1417 (.). 0.35 (.). 



Pofymerizafion 
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The Dolymertaatlon proc^iura of Examples 11-32 was wtwtantJally followed usJng 1000 mL of mixed 
alka^soCT aS mL of l^ene and 5 mL of 15 percent MAO In toluene (1280 AJm) and . reacll«>n 
tem^rat^ of OO'C. Hydrogen was supplied from . 75 mL tank pressurized to ^^^0 kP. (500 psifl) to 
Sve . d^ pressure of MS WP. (50 psQ. 10 Micromoles of the above complex was added to begin tt^ 
5 Soiymerization. Ethylene was provided on demand at 3100 kPa (450 psig). The polymer ylek5 was 12.8 g. 
Mw - 103.000. Mw/Mn - 4.77. density - 0.9387. melt Index - 8 J7. 

Example 81 Preparatioo of ((2.6-Di(1 -methytethyl)pheny0amldo)dimethyl(tetr amethy1 V KyctopentadlenyQ- 
fo ami dotitanlum dichloride 

Oililhium {{tetramethylcyctopentadienyl)dimethylsilyl)(2.&KJi(l-*nethylethyOphenyOamIde was prepared in 

,.anner^aJ>goustoJB^^^^^ in 25 mL W was added 1.5 g --^) <• 

.s (ieuamelhylcyclopenudienyl)dimethylsilyl)(2.6^i{1-methylethy0phenyl)amide. After 0.5 h 0.63 g (4 mmoO 
AofiTaT added. Atter 1 5 h the solvent was removed under reduced pressure. The residue was exUacted 
•hT JIn.an« <3 x 8 mu ' The pentane insoluble residue was extracted with diethyl ether. The ether extract 
:« Se^^ ev^!atIS to^'dryness to give a yellow crystalline solid. N'.R Ct«nzene^6) d 3-04 
J.eptel 2 J ' 6.7).Il8 (s. 5 8). 1.98 (s. 5 8). 1.48 (d. 5.8. J - 6.5). 1.12 (d. 8i». J « 6.8). 0.48 (s. 5.2). 



30 



P olymerization 

The polymerization procedure of Example was followed using 10 micromoles of the above complex. 
9S The polymer yield was 14.7 g. 

Example 82 Preparation of {4-MethoxYphenylamido)dimethyl(tetramethylV< yctopentarf.enynsilanetitanium 
dichloride 

* To 0 73 o TtCU-2THF in 30 mL toluene was added 0.7 g of dinthium (Oetramethylcyclopentadienyl)- 
dimethyl5ilyl)(4^ethoxyphenyl)amide (prepared in a method anatogoos to Example 81. The mixture was 
S!d ^« n days finered. and concenUated under reduced pressure. The residue was slumed « pentane 
II;Sle%d tt^v'^a Uick red powder. r.,.d 0.61 g (67%). 'H NMR (benzene^) . 7^8 (d. 2. J - 8.8). 

» 6.78 (d. 2. J « 8.9). 3^7 (8. 2.8). 2 05 (s. 5 6). 2.01 (8. 5 6). 0.44 (s. 4.8). 

Polymerization 

4D The polymerization procedure of Example 80 was foltowed using 10 mkrromoles of the above complex. 
The polymer yield was 72 g. Mw - 79.800. Mw/Mn - 21 .5. melt index - 2.90. 

Example M Preparation of (tetramethylV-cyclopentadienyl)dime(hyl(1-melhytet hoxy)snanet3tanlum trf^ 
45 fide 

(a)(Tetramethyk:yctepentadIenyl)dlmethyl(1-*ne1hyIethoxy)sitene 

M To 1 0 g (4.8 mmoO Cetramethyteyctopentadiene)dlmethylsilyl chterWo in 10 mL toluene ^ 

0 38mL « 0 mnKrf) 2^xopanoI foltowed by 0.68 mL (4.7 mmol) trtethylamlne. The mixture was AHefed and 
S^sS^s waS S^L^SedC. alkane solvent The wash and the filtrato ^^<^^*^ f^ttJ 
li^dJ^pressure to give • pato yeOow Bqoid. 'H NMR (ber«en»^) . 3.85 (heptot. 1. J - 6i»). 2J 
(.. 1.1). 2.03 (t, 5.7). 1.8 (a. 6.3). 1.10 (d. 6.3. J - 6.0). -0.02 (a. 9Jfi. 
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To 0 51 0 (2.1 inmol) (ietram«thylcyck>p©ntadl«nyl)<31methyl(1-methytotf«xy)»nane In toluene wes edded 
OM a lis mmoO poto*$Jum benride. The solutJon wm nitered etter 3 d«yt end tfie solvent was removed 
under reduced Df»*«ire to give en oil. The oH was wathed with pentsne. Residual pentane was removed 
under reduced pr*«« to give an orange glassy eoOd. 'H NMR (THM.) • 3^ (heptet 1. J - 8.1). 2.00 
(•^.1). %£7 (s. 5.7V 1J05 (d. 5.1. J - 8.1), 0.22 (t. 4.4). 



(0 



(TetramethylV <yclopentadIenyI)dlmethyKl -methylethoxy)silanetttanlum Wchlodde 



To 0 42 Q (1 1 iwnol) TIOj 'STMF In 50 mL TMF was added dfopwlse 0« mmol potassium (dlmethyi- 
(1-melhytethoxyysiMJtetramelhyIcyclopentadwide) in 15 mL THF. One ha» after addition was compJeta 
0.2 g (14 mmoO AoO was added. The resulting mixture was stirred for 18 h. The solvent was removed 
under reduced pressure and the residue extracted with pentane. The pentane extracts were flUered. 
comtjined. and evaporaled to a red oil. The red oil was slurried in pentane and the mixture was flKered. The 
nnrale was stored art -30* dor 3 weeks which resulted in the precipitation of an orange soBd. The solution 
was decanted from t» sofid. 'H NMR (benzene-dt) t 3.a(heptet. I.J - 8.0). 2.35 (s. 8.9). 1.88 (s, 7.4). 1.04 
(d. 7.1. J = 6.0). 0.45(S. 6.7) .00<s). 1.97 (s). 0.35 ($). 

Example 84 Preparation of 1-(Teft-butylamido)-2-(tetramethylV<YClopentadienyl)-1.1.2.2-telramethyl- 
di silarwtitawum dichlonde 

(a) i-Chloro-2-{lBtramethylcycIopentadieflyl)-l.l .2<2-leUamethyldlsllane 

To a solution 014.802 g (25.7 mmol) 1 i-<Jichloro-1.1.2;2-tetramethykJisnane In 50 mL dlmethylether was 
slowly added a soMion of 2J28S g (12 8 mmol) sodium 1i3.4-tetramethy»cyclopentadienIde in 30 mL 
rfwnothylether The reaction mixture was stined saveraJ hours, then the solvent was removed, the residue 
was extracted with pentane and filtered. The pentane was removed under reduced pressure to give the 
product as a Bght-yaSow oil. Mass spec: rrve 272 (8%). 'H NMR (CO,) ♦ 2.70 (s. 1H). 1.83 (s. 6H). 1.69 (s. 
6H). 0.28 (S. 6H). 023 (s. 6H): NMR (CtOj) » 135.8. 134.0. 54.4. 14.8. 11.4. 3i. -2.4. 

(b) i<rert-butylamino)-2-<letramelhylcyclopentadlenyl)-1.1 .2.2-totramethy1dl$ilane 

To a solution olS OOO g (11.0 mmol) i<hloro-2-(letramethylcyclopentadIenyl).l.l.2.2-tetramethyk5isnane 
in 50 mL ether was added 2.422 g (33.1 mmol) tert-butylamlne. PredpitatB formed rapidly. The slurry was 
stirred lor several days at room temperature, then was gently healed to drive Ihe reaction to completion. 
The solvent was removed, the residue was extracted with pentane. the amine hydrochloride was filtered and 
the pentane was removed under reduced pressure to give the product as • yellow oB. The yield was 3.150 
(82i%). Mass spec m-e 309. 'H NMR lC%tk) » 2.75 (s. 1H). 1.95 (s. BH). 1.82 (s. 8H).1.08 (s. 9H). 0.51 (S. 
1H). 0.24 (s. 6H). ai8 (s. 6H): '»€ NMR (CtO») I I35i. 134.4. 55Z 50J. 34.1. 14.9 11.8. 3J. -1.4. 

(c) OilitNum i.(teft-twtylamido)-2Kletramethylcyclopento-dieny1).1.1 A2-tetramethyldisnane 

To a solufioo of 300 0 (9.72 mmoO 1-(l«t-*>utylamlno>-2-(lBtramefhylcyclopentadIenyt)-1.1 A2- 
tetrameftyWisilane to 100 mL ether was stowfy added 7.70 mL of 2.80 M (202 mmol) butyl itWum fai mbted 
(5, alkane sohrenL The resulting sluny was stirred several hours, then filtered arxJ *««^ 
► dried under reduced pressure to give the product as a white powder. The yield was 2.918 g (93.4%). H 
nSr Sh?<IS^(». 6H). ill (.. 6H).0.B7 9H). 0.25 (^ 8H). -OM (S. 8H): 'H: NMR (THF d^ I 
117.3. 113J. 535. 38.4. 34.1. 14.2 11 A 8.4. 2.2. 

I (d) i-(ie.W)utylarito)-2-(letramethyK»-cyclopentad5enyl)-1 .1 A2 totr«w>lhyldisnanefflanlum dichloride 

A akjnv of OJSOO a (2J33 inmoI)diBlhIum i-(tert-botylamIdo>-2-{letramethyteydopentadl©nyO-1.1 Aa- 
tetnwSJwsaare and 0.7790 0 (i333 rnnwO TKa»(THF), In 50 mL toluene was 
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^ J ...^ «,iAir. W&9 fllterod and the sotvont wm romov©d to give a »llcky rod 9oM. TW» 

. SfwO- "•<; NMR(C.O.) . 1J7.7. 135.5. 1 12.7. »5.S. S5.4. 10A 12 5. lA -il- 

Polymerization 

.0 The poJymerizatJoo procedure of Example 80 w« follov^ using JO •"•<^^om<>'«» J ^X^"**"" 

The polynSr yIeW w« 12.1 g. Mw - 62.400. Mw/Mn - 8.45. melt Index - 6.14. density 0.0441. 

Example » Preparation of 1■^•er1^xny^amido^^(^otramethyH»<yck>pentad1enyl) ■1.1.2■2•te^ramethy^- 
If diallanezirconlum dicM<x>de 

A slurry of 0 7500 g (2 333 mmol) dililt^ium l^ertbutylamidoh2-(tetramethylcyclopentadienylV1^^ 

131.0. 119.1. 58.4. 342. 15.1. 118. 4.7. -2.1. 

" Example 88 Preparation of ffert-toutYlamido)(dlm ethylWetramett>ylV<YClopentadlenyl)snanezircon!um 
dimethyl 

A «.iut5«n of 0 5000 fl (1.215 mmol) (iert-tx.tylamidoKdimethyO(tetramethylcyclopentadlenyl>- 

SE^Jh"" "^"^Ir^ r^- 0 2^?5 g Sr^t^H^^ (CD.) . 1-97 (,. 6H). 1.91 (e. 6H,. 
» 8H^cS^.lS^'-C^^^^ 95.7. 54.7. 35.4. 34.0. 13.9. 10.9. 8.2. 

nr Prnrrn::::: ^^^r^ «f »^rt^tamido)dimethy1(,»<yclopentadienyl)sllar.et>tanlum ± 

chloride 

40 

(a) (ChloroXcydopentodienylX<Jin>ethyl)$Ilar^ 

A .«i..fUvn «f 149 o f1 18 moO MeaSiCla In 750 mL diethyl ether was cooled lo -78* C. SoW sodium 
cvcip^^rSl^il^-^dedvia.pcwder^ti^^^ 

SaSTmlxture was allowed to warm to room temperature r^o^nlrT^^. 
obtained In good yield as a Bght-yellow on. Mass spec: m/e 158 (ie%>. 

to 

0>) (Tert-botytom!noXcydopentad!enylK<finn»<hyl)siton* 

To a eoWJon of 3.69 g (50.4 mmoO iertH>uty1 «nlr* In 45 mL THF w«. "^^^ « ^ 

and 'H; NMR show the presence of several cyclopefliadleno Isomer*. 
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(c) OillWum (iert-butylamldoXcyck>pont5d1eny(X<flmemy()sn^ 

To « tokitJoo 1.500 g (7.69 mmol) OertbtrtylamI<JoXcyck>pontadlenyfXd!methyl)sfla^ In 60 mL elhar 
wu itowty adcJed 6.21 mL o( • 1.72 M (10.68 mnrK>[) ethof tolutJon of methyflrtNum, then 1.81 mL of 2.6 M 
(4.706 fwnoO butytfftWum In mbced aJkano solvent (15.38 mmo! total aDcyllrtWumt). Tho resulting slurry was 
fttfted ovemlghL then fltlered and washed with pentane. then dded under reduced pressure to give the 
product as a white powder. The yield was 1.358 g (85-2%). NMR (THF d-B) I 5*6 (L 2H). 5.87 (t 2H). 
1 10 (a 9H). 0 05 (s. 6H). NMR (THF d-8) d 114. lOS-2. 103.5. 52, 38.3. 7.3. 



(d) {Tert'tutytamI<Jo)dImethyl(^'<ycJopentadlenyf>sIlane tlUnium dtehlorlde 

0.7000 g (3.38 mmo!) OiSthlum aertbuty!amidoXcyclopentadIenyt)(dimethyI>sIlane and 1.128 g (3.38 
mmoO TiCUTrHF>a were comNned in a ftask with 75 mL toluene. The rasuWng yellow slunry turned muddy 
red-t)rown within a few hours. The reaction mixture was stirred for several days then the red solution was 
filtered «5 the solvents removed under reduced pressure. The crystaJline material formed was slurried with 
pentane and filtered to remove the soluble red impurity from the brown product The yield was 0.5369 g 
(50.9%). 'H NMR (C«D*) » 6.60 (t. 2H). 6.07 (L 2H), 1.38 (s. 9H). 0.18 (s. 6H), NMR (CfCk) I 126.3. 
125.6. 110.0.63.7, 32-2. -02- 



Potymerizatkxi 

The polymerization procedure of Example was foRowed using 10 micromoles of the at>ove complex. 
The polymer yield was 28.1 g. Mw » 108.000. Mw.^^n = 3 22, density ■ 0.9073. melt Index « 2.92. 



Example 88 Preparation of (Terl-butylamido)dimelhytU*-cyclopentadienyr)sIlar\ezIrcorMum dichtoride 

To 0.6747 g (2.90 mmoO 2rCl4 in a flask was slowfy added 4 mL diethyl ether, then 4 mL THF. The 
excess sotvenu wore removed ur>der vacuum to yield a solid which was broken up to a powder. The soOd 
was combined with 0.6008 g (2.90 mmoQ difithium (lert-butylamidoXcycIopentadienyf)(dimethyOsilar» 
(prepared according to the technique of Example 87 and 75 mL toluene. The resulting slunry was stirred for 
several days after w«ch the colorless solution was filtered, the soNeni removed under reduced pressure 
and the residue was slurried In pentane. The product was collected on a frit and dried uryJer reduced 
pressure rieW was 0.6188 g (60.0%). 'H NMR (C«IX) I 8.43 (L 2H), 6.08 ^ 2H). 4.17 (br s. 6H), 1.27 (s. 
9H). MO (tf %. 6H), 0.22 ($. 6H). NMR (CttX) I 122.0. 121.4. 109.5. 78, 57i 32J. 25-2. 0.7. The 
Structure was shown by x-ray crystaltography to be dimerK (bridging chlorides) In the soCd state. 

Exampto 89 Preparation ^ (A/^SdoXdimethyfXtetramethyH* K:yck)pentadS^yt)snane6tanlum dichkxide 

(a) (AnflktoX<fin>ethy)(letramethyknrctopentadienyt)sfl^ 

To a solution of 1.500 g (6.98 mmol) (chloroXdimethyIXtetramethytcycIopentad5enyl)snane In 50 mL 
THF was slowly added 0.6911 g (6.98 mmoO CtWum aniCde. Mor^itortr^ by 6C Incficated the reaction was 
ir¥xmplete. Additiorud Ithium ^lide (0.08 g, 7.78 mmol totaO was added. The reaction mixture was stirred 
ovemighL The sofvont was removed. tf>e residue was extracted with pentane and filtered- The pentane was 
removed under reduced pressure to give the product as a pale yeltow cXL The yteW was 1.875 g (99i%). 
Mass spec. nVe 271 (13%). NMR {(ktk) I 7.14 (m. 2H), 6.78 (t 1H). 8.60 (d. 2H). 8.08 (s. 1H). 8J)4 {s. 
1H). 1« (s, 8H>. 1.79 (s, 6H). 0,07 (s, 6H). NMR (C«IX) I 147.5. 136.3, 132.8. 129.8. 118-2. 118J. 55A 
14A 11 J. -22. 

(b) OiWtfum CanTOdoKcflmethyOCtetramethylcycJopentadlenyOsnarie 



To a «oiu8or» of 1.875 g (8.81 mmol) (araBdoX<flmethyOCtotrarnethyteyctopentadIeftyOsn^ In 50 mL 
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to 



ether w« '^^^ ?^^'J?h,j'J-^ rtrr^ ovemJflht The product appeared to 

precIplUto forrned, '^JT^S, ,„ J^Tetf^^Jtion TT>e solvent was removed under reduced pressure. 

redu^^essure to give the product as a wNte powder. •n>e yleVJ was 1.943 g (99.3%). 

(c) y^IWoKdlfnelhyWetramethyH'^yclopentadienyOsitanetitanlum dichtorid. 

A .tunv of 0J02S g (2.333 mmol) dintWum (anindoKdimethylKtetramethyteyctopenUtfeny^ 
* ™n icufTMR, In 70 mU toluene was stirred tor several days. The red-brown reaction 

0.9871 g (2.333 r^^^^f^^. waTremoved The sofid was triturated In pentane and the product was 

coltected on a Mt "^^J^^*^^^ „ « «h NMR (CO,) » 7.32 (d. 2H). 7.18 (m. 2H). 8.85 (t. 1H). 2.02 

sMi:t:;:o« reJ^'-i ..^.^rr.'SJ u .«.4. ...e. .os.,. ..... 



13.0. 2.7. 



PolymeflzatJon 1^ 

^ " ' ^^..r-» «f Fvi^mntft 80 was followed usinQ 10 micfomotes of the above complex. 

as Polymeruation 2 Ethyler^tyrene (k)polymefi2atioo 

K ^^«««n orocedura was substantially followed except that 900 mL of mixed alVane 
'^\'^TZrlT^^^^Z> 7^) delU hydrien. and 20 micromotes of l(CMeOS.Mea(tert- 
^Tm^ w^e us2.Te ^J^:,ur^<5 ie reacti :!s 120*0. After tO minutes the contents were 
« ^^^J^Te^. and 62.3 g of polymer was recovered. The me« index was 3.68. 

^ P^^^P^ ^ rAnindoVdimethviytetramethylV^clopeotadienyOsn anezirconlum dichloode 

T n Ron* o /2L963 tnmoD ZrCU in a ftask was slowly added 3 mL diethyl ether, then ^ "^l- ™F. The 

* !SSt? it^JJ^ed wSlr vacuum to yield a soM which was broken up to a powder. The sofid 
excess ^^^^^^ "J^S^I mmo? diH^ium (anilidoXdimethyO(letramelhy!V<ycJopentadienj2- 
T ^Sl«rSk^rJviWfl mLes the slurry color became pale yeltow^yeen. The slurry was sfrrod 
Sf^ !!;l!^v^ jSTw^mJ jr«lJti«^ was filtered, the so^ent removed under r^^^^^^^^^ 
for several days fJ^'^JTri^iL^^ very oale yellowish product was collected on a frit and dried under 

• ^x:^^^^^^^'^^^^^^ 

3H). 1.85 (S. 3H). 0.53 (S. 3H). 0.40 (s. 3H). 

^ >^ ro.ToluldinoKdimethylXtetra methylV<yck>pentadienyl)silanezirconium. 



chloride 



eo 



(p-ToluldUK)XdlmethyO(lotramethylcyck^^ 

mL TW was swwiy aoooo « v . inHicaiad the reaction was Irwomplete. Additional 

reaction mixture was stined <>^«^fl»l^ J^JJ^i?/^ fi^JJ^^ waa removed, the residue 

BB^um p^oWdkle was added In smafl k>ts ^ g. 1 ^"^1*°^ to gWe the 

was exS^wM. pentane and "Hered. The PS?S^*SL^^J^^SPh^C.CW » 8.98 

{aKi 1»i i^?: 128^ 118^. 55:2. 20.5. 14.8. 11 A -2.2. 
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fO 



(b) OJniWum (p.toluUanoKdlmelhylX»otnjmethyIcyclopenU-dIenyO»nAn« 

To • soluBon o( 2^ 0 (7-82 mmol) (p-toluIdIno)(dImethyIXletramethylcycJopentadlenyl)snano In 65 mL 
•tfw wM «tow1y •ano^ 6.17 mL ol 2.60 M (18.0 mmoO butyintWum In mixed C alkan* •olvont Th» 
oredDltolo-free reactJon mbrturo was stirred overrwght T^e Jotvont w»s removed urH5er "^^f^^^*- 
n» re.uWnfl whha «0d was slurried in pentane. cotleded co • Wt, -"•j^^^^J^J.^J^^j;;;^ 
reduf^ DTMSure tD Qhre the product as a white powder. The yelld was 2.34 g (100%). 'H NMR (TW »^ fl 
S^SJltll Td. 2l<). 2 W (s. 6H). 2.01 (.. 3H). 1.94 (,. 6H). 0.36 (». OH). '>C NMR (TWF «) 1 160* 
129.1. 1214. 115J. 115.2. 112^. 106.2. 20.8. 14.7. 11.7. 5A 

(c) (p.ToW<SnoKdln»lhyOaetramethyl-^»-cyc!opentadlenyOsnanetitanlum dJchloride 

A slurrv d 1 000 0 C3.363 mmol) difilhium (p-loluidir»)(dimethyI){lotramethyH'-cyclopenladlenypsnane 
and 1 lao (3 363 mmol) T,CU(THF)> in 70 mL toluene. T>»e reaction mixture was sUireJ several days. 
Jen filtered id tt^e solvent was removed. The resulting sofid was slurried In pentane «»;%f;<^»^ 
Sterted a W and dried under reduced pressure. The yiekJ o( or.ve^>rown powder was 0.7172 g^J)%. 

(CiD») 1 150A 141.7. 137.5. 133.9. 130.0. 129.7. 119.6. 21.0. 20.6. 16.4. 16.0. 13.3. 12.8. 2.8. 2.9. 

(d) (p.ToluldinoMdjmelhyO(tetramethylV<yc»opentad5enyI)silane2ircof^um dlchtoride 

To 0 7836 0 t3 363 mmol) ZrCU in • Bask was slowly added 3 mL diethyl ether, then 4 mL THF. The 
; excess solvents were removed under vacuum to yield . sof.d which was broken up to a PO^^der The soM 
w« ^wT^bined with 1 000 g (3-363 mmoO dililhium (p^toluidino)(dimethyr)OeframethylV-cyc>opentadlenyO- 
XTiS TO mL toh^ene The slurry was stirred for several days. The Wtally yenowish «|urry Ujmed 
^sh. The yeltow solution was filtered, the solvent removed un<ier reduced {"^^^^^^ . ^ 
oentene The pale yellow product was collected on a frit ar^ drSed under reduced P'wsure. The 
, tZl^ 0^9 (5?1%). 'H NMR (CcO,) . 7.06 (d. 2H). 6.87 (d. 2H). 2.50 (s. 3H). 2.47 (S. 3H) 2^1 («. 
ST (*. 3H). 1^8 ($. 3H). 0.51 (s. 3H). 0.41 (s. 3H). The structure was shown by x-ray cfystallography 
to be a liC^cootainlnQ dimer with bridging chlorides. 

S Pi^mpto flg Prgoaragori of {Benzylamido)dimethylftetramethytV-cyctopenad lenynsilanetitanlum dichtoride. 



(a) (B©n2ylanino><SmethylC©tramettiylcyclopentadienyl)snane 

To a sohifion of 1.000 g (4 651 mmoO (chloroKdimethyt)aetramethyteycV3pentadlenyl)snane m 70 mL 
ether was slowty added 0.528 g (4.651 mmol) Bthium benzylamide. The reecfion mixture was sfirred 
ovemighL solvent was removed, Ihe residue was extracted with P^^^'^J^l^J ^ 

wTrSmoved under reduced pressure to give the Product as • ^tJ'f^T f\,^%^lr^ ^if^A 
fS3 3%» Mass soec itve 285 (18%). 'H NMR (C«0«) < 7.0-7^4 (m. 5H). 3.71 (d. 2H). 2.73 (br. * ?*f 
r2^NT(.?Sl.T43 (br\ lA). W (s. 6H). NMR (CO,) • 1445. 135.7. 132.0. 128.5. 127A 
128.7. 56.7. 46.4. 14.6. 11.4. -2.3. 



so 



(b) Dtnthhan (»)enzytemldo)djmethyl0etramethylcyclepentadleny0snan» 

To a eolution of 1.081 g (3.838 mmoO (benrylamlnoXdIrnelhyWetramethyteyclopenUidlenyOsnane In TO 
mL ^t^SJ^^ mL of^ M (8.06 mmoO butyl Ithlum ^ 
SiTeSor fomTSong wWi predpttBte. The readtoo mixture we* edrred "^iJO^^^.^JS 

3!?S is!«5.^w5R (TW di) d 152.1. 128.1. 127J. 125J). 115A 111 A. 108.3. 54.0. 15.0. 11A 4A 
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(c) (Benxyl«mldo)dlmethy.(tetramethyH'<yctopeotadlenyOsltonetJtanlum dlchWd. 

A Slurry o( 0^ 0 (1699 mmoO dUithium (ben^lamWoKdlmethyOJetramethylV^Y^^ 

'^.ST^';,"' .STCa«3 (.. e.* NMR (CO., . ,4,.4. ,4,* 

«ir^»S!iMiiie«. 1M.J. m e. .03.e. »j. i!.e. ii4. i.r. 



Polymerization 

TT. polymenzBUoo procedure of Exar^ple 80 wa3 foHowed "''"O -^^'^iw' 
7»e polymer yield was 14.4 g. - Mw/Mn = 5.0. melt Index - 251. der^s^ty 0.9690. 

Exan,p,e 93 Preparation of (Ber.zvlamido)dimethy iaetramethylV<:ycloper.tadienyt>5ltanezIrconlurn dichto- 
ride 

- ^K naH o 3930 o (1 687 mrr^ol) ZfC\* . 0.501 5 Q (1 .687 mmol) dinthium (bor^zylamldo)- 

Example 94 Preparatior, of <PhenvlphospNno)d-.m ethvlfteUamethylV<yctoper,UdlenylWtanetSUr.iurn 



so 



(*)(PhenylphospWnoMdimethyO(leUamelhyUryCk>penla<^ 

THF was stowly adoeo i.i^'w 9 v "« »«, «u UMR sDectroacoDV). "n** reaction mbcture was 

incomplote) Bthium phenylphosph.de (0.4 ether *Wuc» by " IJ"" '^"SS^rfttT pe^ and fittered. 

g (98.5%). 

(b) Dinthium (phenylphosphido)dlmethyl(tetramethylcyclopentadlenyl)snana 

T« . <«in««» of 1 858 Q (6 451 mmof) (phenylphosphInoKd!methyl)(tetramethylcydopenladenyI) 8n«M» 
To a soluboo o» 1 .858 0 (B-*|>^ "J")" ' r, , go M (13 55 mmoO butyWthhm In mUed C alkane solvent 

""^JIL S wS^* SlS^tane. then dried under reduced pressure to gfve the product as a 
SStf^tr (SStiTr^aJSLi by-'H NMR H>eCroscopy, wa. 2.0845 g (95^). 

(c) (Pheny1phosphido)d!methyI0etramethyH>^cIopontadleny0snan^ «BchI«W. 
2S?;:SSr2^ ^™ m^ wa. Idr 



EP 0 416 815 A2 



10 



95 



tm pentane from the ftttrate- 
PolymertzaBon 

^ P^Dle 80 was followed using 10 mlaomotes o( the above complex. 

chloride ' 

TrfM in a flask was slowly added 3 rrxL dlett^yl other. The excess solvenl 
To 0.6217 9 (2.668 mmoO ZrCU .n » J^^ J« ^„ UowVn up to a powder. The soDd was combined 
was removed j?^'^^ ' "^^Iptsp^^^^^ 

r^^s^rr^rr Mr:,:"^^^^^ -e.. a .own so. 

^SecSd^a Irit and dried under reduced pressure. 

JU rnnnnnnn nf r::^VW.H.Vf.».ett.vir.ndenyl)siUnetSt3n.um cgchjortd. 
(a) (Tert-butylamino)dlmethy<Ond«nyI)snane 

tchV^dlmelhyUnyOlndone. ^^>^"/::^t,:i^^ ^^^^ wHh pentar^ and fillers*, 

jsorner*. The yield was 3.313 «. (93.9%). 

B (^>(««hh«nO«t-butyU«r«do)din«my«r^ 

^ -.IOC « (12.73 mmoO (Uif«>utylamino>dirT»thyHi«l©nyOsnane In 75 mL •J»' 
To • soWJon or 3.12S « ^J^i^ k,^^ In mixed C« tlkane aoJvent The color of 

stowly added 10.28 mL o« ^ ^ ^^a>bM w.» »8ned several day. 

predpaat^ ^^^'^^^^TtJ^aX 0^^^ ^ with pootane. The P<^ clumg 

::st::d'::ir:s::Xc^^ ^ y'^^ ^^^^ « 

« e:,CTert4)utytemido)dlmethyKlndenyOsnanetitanlumdk^ 

1 noo o I3J87 mmol) diBthium (terltxJtyU«iUdoK<flmethyWndeny^^ 

Polymertofloij 
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Exampte 97 PreparaMon o< rT.H.h»tvlamldoyflmettiYl(lndenYOsHanezJrconlum gdjorid> 

7,r\ tn > flask was slowly added 2 mL THF. The excess THF was removed 

"^Zs^ '^^ ^r^^J^^^^^^^^ 70 toluene. The resuWng slurry was stirred 
(lertbutylamklo)dlmemyip^2'^*na^ the solvent removed under reduced pressure. The 

product was 0.5668 g (38.0%). 

^ fVnnzn f'^->Hv.w^^d1met^vUtetrame^hYH»<Yctepentadlenyl>»llanetito^^^^ dlchloride 

(a)(Methylamir«>dimemyipetramethyH'^ctoponladler,yI>-5llane 

I 1 onn n (8 845 mmoO (chtoro)(dlmethyl)(tetramethyteyclopentadienyOsilane In 75 mL 
To a soluton o'A^** 3jf ^ ^^J, mmol) nthium methylamlde. The ctear «,lutloo was stlned 
THF was quickly added 0^3272 g ,oooa o 9 062 mmol total) was added as gas chromatog- 

overnighL then^d^^^^^ ^l,, solvent 

r^vr Si r^^^^^^^ - r^g ;r7.Tr, sS:: 

,0.04 ($. 6H). '»C NMR (CD,: » 135.4. 132.7. 56.1. 27.8. 14.0. 11.0. 3.5. 

(b)OililNum(methylamido>dimethyI«etramethylcyclopentadlenyOsilane 

. Hj«n «i 1 563 Q (7 463 rr>moi) (methylamif^XdimethylKtetramethYteYctopentadienyO si'ane In 65 
To a *J,\f^J added 6.03 mL of 2.60 M (15.7 mmol) tXitylCWum In mixed C alkane 

mL ether/pentane (1.1) was t^^, to a sluny. The reactton mixture was stirred 

«,lvent The 'olujoo n..r^ ^ a^-^ck ^y~^';^^^7^„ , J^n w<», pentane. then dried under 
overnight then filtered. whuJ powder. The yield was 1 383 g of a 0-25 elher edduct as 

SSe^Ty-^rNKtr^X^^^^ ^ . 3.41 (.. - 7.0 H. 1H). .45 (s. 3H). 2.01 (s. 

8H). 153 (S. 6H). 1.11 (t. J » 7.01. .5H). 0.01-0.14 (br. 6H). 

(c) (i^thylam}do)dimethyl(tetrBmemYtV<yclopentad5enyl)silanetiU^^ dichtoride 

T« . ^ftiution of 0 6708 0 (2.597 mrrM>0 diCthium (methytemIdo)dIinelhylOetranwtfiylV^ 
. n -.^JirM r«L THF was added aB al once 0.9623 g (2.597 mmoO Tia,(TW),. The solutton 
* jLftn^nJ^ol^t^r-ni reaction mixture was stirred four days, then 1.881 g (12^ 

immediately several days after which the reacfloo mixture was filtered 

rrwnoO AgO was added. ^'^'"'^^"J^ "^s^. lie residue was extracted wilh toluene, the dartt 
sSJ.'^rJu^ rJviTwas removed. After extraction with pentane and 

orange- brown soluton was fluereo ana ^ In a daric red soIuUoo. After cooling to -30 C. 

rj3^rt37.?%?"t^Mr(^E^^^ . 3.84 (s.3H)riS7 (.. 8H). 1^ (. 8H,. 0^1 (.. 8H). «C 
NMR (C^IX): I 140.5. 135.5. 103 0. 41.8. 15.5. 12-3. 0,0, 

90 

Potymerizgfion 

The polymerizatk)0 procedure of Example 80 was fonowed using 10 mlc«^ 
The polymer yield was 30.2 0- 
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- « 1^ mmon ZfCU and 0 6316 g (2.446 mnvoO dlHtWum (methyl«mldo)<5lmethyt- 
^ • w«i ^Wned ^th 75 n»L tolueoe. The .lurty wm rtned tor 

(tBtTBnv^myH'-cyciop^^^ ^ „„e.ed. .r^ ft. solvent wa, removed 

wv9r«l HiYft^^ JCf ILI wa/$Jurrted lr» penton.. collected on • Mt. washed wfth penUne ar^ 
^ •^^^^^e ^^^eTof P'Oduct was 0.6182 g (68^%). 'H NMR 

Exa^pto 100 Prepa^^ of i^ert^Wnidoh2^e« r amemvV.»<yctopent3dler,Yl)ethanedlYn.^^ ^ * 



to cMoride 



(a) Ethyl 2-{tetram6thyteyclopentadienyOac8tato 

, A so...^ C 3.822 g (22.89 

,20.80 g) aodium ^"^r^^^S^ :« sU^^J^ was removed, fte residue 

:S Se?:rp:trJdXr Cer.^ was removed U, give a of Isomers. ^« was 

g (88.3%). Mass spectra m/e 208 (41 percent). 

0 

(b) 2<TetramethyIcyck>pentadier.yl)tert-butyI acetamide 

» butytamir^ V, » "J to^^^- ^^'^ Metier, mbrtur. was stirred lor several days white gently 
:r^^t^TwXp t^^o.l^amide was obtained as a m.^ure o. t^re• Isomers as an orange 
semiaystanine pasta- Mass spectra m/e 235 (21%). 

* (c)l^-boty»amino>2-0etramethy1cyclopentadienyt)ethane 

120 mL ether and 0.830 o (21.8 mmol) BtNum aluminum hydride 
^ s^rref oC^^^^ Monilortng by GC inchoated the 

was added. The reaction "^^J'^^^^J^ bv THF rSore Ithium aluminumhydride was added and 

^jXEy^^Oe^ is^er, weJe obt^^ Mass spec^ 221 (11%). 
* (d>Kithium1-(ter1bulytamldo).2HletramethyH«-cycl^^ 

4, for.naltonof.yeltowprodpjtje.Thereart«^ 

V«A 107A 106A 50A 45.4. 29.4. 28Z 20.2. 10A 10A 

(e, i<Tert4)Ulytemldoh2K«»lramethyH»^opentad!en^^ 

..... « II ies mmol) dJWhJum 1^elt^)utylalrido)-^^l»tramethyteyclopentadlenyOe^han• ind 
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^ . im. washed wiO> a small amount o ««d If ^^^J^j je J - 



The poir 
TO The polymer 



« Polymerization 3 .hat 2 5 mlcronioos ol Hlert*utylamicJoV 

(^-botyUtfwdoyfrMWVw jiopnic ratio Aim « 

conteinedln Table VU 
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Example 103 SUiffy Polymerttation 



to 



TN» fonovrtoQ example demonstrates the use of • catalyst of the present Inventton urxJer sluny 
^JSLi^X^cJ^re of Example* 11-32 was substantSally followed, excepting that 0« reacflon was 
^^S^ Jl!<^^h^re tfS^ymer was Insoluble In the reaction medium and predpHated from the 
rJCfmS^ Vf^meTlSe Cperature was TO'C. 10 mL of octene. 1190 mL d mixed aflcane 
:S^mL of 15 ;^^nt MAO In'Toluone (1280 Ai:rO were used. ^^^L^O mlmja^^^^^ 
roMi 4 6 0 of ooJymer. AddlOooal solvent was added to the reactor and heated to 170 C to 
fet^e Se?rJer ?«t hS^ormed long f.Iaments and wound around the stinrer. The melt Index was 0.28. 



,5 Example 104 Preparation of (Ten-butylamido)dimethyl(tetramethY lV-CYClopentad-.enyl)silanetitaniurT^(lll) 
cMonde 

In the drvbox 0.24 g of r,CI,(THn» and 0.33 g of Me»CSiMeaN.l-BuMg,aa(THF)a were mixed. 15 mL 
0« ^f J^^^ rJuinng In a deep purple color. AHer 30 minutes the volatile '"«»«rials were removed 
« Z^ ^^eS:::. tol^ave a darV solid. Toloene (15 mL, was ^^/^-^^^^^^^ ^ 
toluene was removed under reduced pressure to leave a red-purple powder. 0.22 g. 

Polymerization 

" The polymerization procedure of Example 80 was followed using 10 micromoles of the above complex. 
The polymer yield was 55.1 g. melt index = 1.71. 

30 Exampte 105 

The DoJymerization procedure of Example 80 was fonowed using 10 m.cronK>le$ of (f'>^^y 
dime%lJ^t^J^V<yclo pentadienyDsilanetitanium d-^hloride. The polymer yield was 78.4 «. Mw - 
58.700. Mw/Mn - 4.5. density « 0.8871. mett index (la) • 10.13. 

Example 106 

The polymerization procedure of Example 105 was substantially followed except tt>at the 
-0 was^- ST^^of catalyst used was 2.5 micromoles. the amount <>'J^,^ "^ffj^^^^^ 
I^^nouri of mixed alkane solvent used was 950 mL The reaction was aHowed to proceed for 1 hour. The 
polymer yieW was 51 .1 g. The melt index was 0.11. 

« e^^^ .j» P;^T^>r^ ^ n-ert-butYlamldojdimethyKtetramethytcyctop entadlenYPsnanehafnhi^ dichloride 

^ ^ Ar^*^ o SO a Of HfCU was suspended In 110 mL of toluene- 10 mL Of TWF was added, the 
. !?.1SSS'fL^ minuteTand 0.77 fl7iMe.CSiMeaN-t-BuMo,CUaHF), was added. THe solution 
!^hI3L^flSL A^T^TrnJ^^e^ thl solution was cooled, and the volatile materf^were removed 
^ pintane (20 mU was added, the solution was filtered, and the pentane was 

" "^ZS^ '^'^^ tftea^.^te This send was washed with ..nafl quantity of 
^^lo^?0??a (?^ of a white soOd. 1H NMR (CO.): • 2.08 (6H>. 1 JO (9N). 0.44 (PH>. 
"^ ^SS^^J So^^ substantially according to the procedure of Example 7. a ««all «nounl 
of polyothyterte was recovw^ 
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Tho polymeKiKflon procedure of Example 105 was followed except thai *>© catalyst was pentamethyl- 
cydopentadlenyMtanlum trichloride. T^e polymer yield was 4.8 Q, 

ComparalNe 2 

The pofymeriMtJon procedure of Bcamplo 97 was followed except that 9m ^"^^J!^^ 
botylamWoipentamethyH'-cydopeotadienyltitanium dlchtoride CH NMR (CO*): » 2.07 (a. IH). 1J8 («. 
15H). 1 .35 (». 9H). "C NMR (CtO»): 1 61 .0. 31 3. 12.6). The polymer ytekJ was 2.0 0- 

Comparative 8 

•Pie poiymertzation procedure of Example 105 was followed except that the catalyst was bis-Oert- 
butylamidoxJlmethylsilanetrtanium dichloride. No polymer was observed after 10 minutes of reaction. 

Comparative 4 

The polymeruatioft procedure of Example 105 was foHowed except that the catalyst was cflcyctopeo- 
tadienylzirconium dichloride. The polymer yield was 109.0 g. Mw - 16.300. Mw/Mn • 3.«. melt IrxJex 
ASTM D-1238 Procedure A. condition E. 1,. was greater than 1.000 indicatino a very tow molecular weight 
polymer. 

Comparative 5 

The cx>«ymeruat)on procedure of Example 105 was followed except that the catalyst was dicyclopeo- 
tadienyKitenium dichtori<3e. The polymer yield was 7.3 g. melt Index, ASTM 0-1238 Procedure A. conditKXi 
E. la. was greater than 1.000 indicating a very low molecular weight polymer. 

Claims 

1 A m^woaliQaJtoZ^S) comprising a metal of Group 3 (other than scandium). 4-10 or the 
l^th^i^idT^riMof tfte^PerkxSc Tabto of the Dements and a deiocanied n-booded moJely substftuted with 
a constraWndodng moiety, said complex having a constrained geomeby a**^^'^ 
the angle it the metal between the centroid of the delocalized. substituted n-borxJed moWy and the certer 
of at toast one remaining subslRuent IS less than such angle In an cornparalhre com 

, said coostrain^ndudng substituert Is replaced by hydrogen, and provided further *»«J J' 

comprising more than one detocatoed. substituted n-bonded moiety, ortfy or» thereof lor each metal atom 
of the Comdex Is a cyclic. detocaBzed. substituted n-bonded mofety. 

2. A metalwordinalioo eomptex as claimed in Oaim 1. wherein said detocaBzed n-bonded moiety Is an 
alkene. aDcenyl. akyne. alkynyl. aJlyt. polyene or polyenyl moiety. .j^-i-. 
, TAmetal eomptex as claimed m Claim 1. wherein said detocaflzed n-bonded mdely Is a 

?A*mSwcoordina8on eomptex as claimed In Claim 3. wherein said cycBc moiety to cyctepentadlenyl or 

J^^^SSfSSiS^'claimed in Claim 3 or Claim 4. 
0 .rk^o structure in which sakJrnetal to both bonded to an adlacerrtcovaJent moiety and held In as«^ 

frfthealdcycfcmoletjr. 

e. A motol cooitfnaJlon complex corresponding to »»• formula: 
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M 
\ 



(X), 



St^" otal of Group 3 (other than scandium). 4-10. or the lanthanide socles of the Periodic TaWe oC the 
?j:ra^c^nta.env. . sub^tuted ^c^--^^^^^^^^^^ ^0^^*^.^"^^: elnt, ^ 

" '^:^"^^.e;;rts':? rorngand scoop or neut^a. Lewis base ngand ficoop having up ,0 30 non- 

hydrogen atoms; . 

n is 0. 1. 2. 3 Of 4 depoodino on the ^^'^^^^^T*^, . „ comorising nitrogen, phosphorus, oxygen or 
Y is an anionic or nonaniooic liflarxJ 0'°"^ ^^^^''J,^,^'^^^^ ring systen^ 

^ sulfur and ^-ng up^20 no^^^^^^ suSttuted cyctopenUdleny. group .s 

7. A cnetal "JTCo" t C,.„ hydrocarbyl. C,-,« haIohydrocart>yl. f^atogen or C^e 

cyclopentadiony. sobs^tuted r, tetrahydroJndenyl. fluorenyt or octahydcoftuorenyl. 

hydcocart)yi-$ubstltuted Group 14 '^®»f'<^<^ J' J'i^^^^ 7 ^he'ein each X Is hydride. haJo. aDcyt. 

J A .et^ «ocdi^«on c^P^x as c^^^^ CJ.m 6 - Se'-a^l'c^^de. a^de a acaty^t^- 




SO 



compound corresponding to the formula: 
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up to 10 carton or siBcoo alomt: 
» X ':^S?S^:^hy<lri<«*. hate. ancy.. ary.. aryU^cy. or aJWoxy of up to 10 cart«or. 
m is 1 or 2: and 

n IS 1 or 3 (Jepeoding <^^!^l'^^ "^^^^ Claim 11. wherein each R I. hydrogen. C.-. aHcyl. 
,2. A metal <=«^'^^^ '^'"P'*'- -^ety form wilh said moiety an mdeoy^. 

n7'r:S;£^dinat5oo complex as claimed In any one of Claim. 1-5. wf^ereln said angle 1, decreased by 
at least 5 percent compared ^ith said comparative cxj^plex. ^ ^ ^ ^ 

14. A mettl coordination complex as claimed In Claim 13. wherein saw angw w»w 

" ^^'leta. coordination corr^plex a, claimed in Claim 13 or Oaim 14. wherein said metal 1, . metai of 
" fa^A^T-^LS^^S;* » C^-^ U, Claim .r. .^...^ s« ,«« U *«--n - 

^Sr^C^-SSJfmyS^^^ cycJopentadienyOsnarje^ <»chloHd.. 

^IS'^^SSsBaful In addilJon pofymerizaflor^ comprising 

b) an •'^^^ -o therein said acfiving cocatalyst comprises an aluminum compound. 

S^V^'^'^t^^^'^n^^^ saw acava-,^ cocatafy^t c«n,x1se. . ^ 
;rX23^»%S^S^^^^^ «• «^ a^yta^^^mo-ne. 

» and compouida corresponding to Ibe fbrmuta: 

wtwebt: 

Rlao»choceurreoc«C»-io aBcyl«a™kyi: 
X' it halogen: and 

,-,^lrt,c<ng « meg^iinp(»nd-onBe^muM iww»t or mx..,. or • www— 

dianlonic salt compound eorrespondino to the formite 
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(L ♦ x)y(<V-2.Y)-* Of (LX') ♦ x)y(Cp*-Z-Y)-« 

¥(h©f»ln: . ^ , - 

n Co' M X. Y and Z are M defined In dvm 9, 
L to. meui o« "gcjop 1 of 2 of the Periodic Table o( the Element. 
• xandyar^eMher lof 2andtheproductofxandyequal»2.and 

I^?;^;5^S;L°^'^hen the metal compoond to of the foanuto MX..,: 
SroX^Pit^iaTw'ith . noninterfering oxK^ziog agent to ra.se the o,ddatlon sta.e of the 

,0 2e.7?!oce« for preparing a catalyst as claimed in Ctaim 20. comprtslng contacUng a comptox as defined 
in ruim 1 <y Ctaim 6 with an activating cocatalyst 
J!^-^ ^^ Mrsr-nrS^is-^or Dreparino a polymer by contacting one or more addiUon 

XtoTXli^""!"' montHT-er.. «»^te.^k: »mp<,u~).. coniuoa^ cr „oncon,u9al«) »«1 
^"^^^^ — . " " ^rJ*."^,-, ftfh^Ji^a and an derm other than ethylene obtainable by a process as defined 

^r^j^™"'"^ »' " ^ • """"" — 

and'obtainabte by a process as defined m Cla»m ^7. 

A ooh/mer as claimed In Claim 33. comprising ethylene and a styrene. ^ 

» M aSX^ ^yli^ comprising an interpolymer of hindered aliphatic vinyLdene compound and 
^aiTalph^iefin and obtainable by a process as claimed in Ctaim 27. ..^ 
36. A polymer as claimed in Ctaim 35. composing ethylene and a v,nylcyclohexarw. 
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